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ABSTRACT
This dissertation expands the comprehension of the history of climate in
architecture by examining the evolution of the architectural meanings, uses,
representations, and simulations of climate between 1800 and the present by means of a
historical critical analysis of two scientific artifacts that attempted to model climate for the
first time in the fields of geography and architecture. The Naturgemälde (1799 – Alexander
von Humboldt) was a type of infographic image that simulated conceptually climate as a
global system. The Climatron (1954 – Victor Olgyay) was a laboratory machine that
physically simulated climate to test building scaled-models.
Primary data was collected in the places where both artifacts were created, and
where related archival materials are currently held. The method of analysis compared the
models against each other, against contemporary computer simulations of climate for
architects, and against their early theoretical foundations. The dissertation reflected on the
universality of science in architecture and the role of the places and the technology involved
to produce knowledge about climate, while challenged the concept of climate in
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architecture. It endeavored to find more holistic scientific approaches to design-withclimate that consider hard data alongside art.
The tangible outcomes are four articles advised by one of the committee members
according to their expertise: MODELS OF CLIMATE AND WEATHER explains the
attempts to simulate conceptually and materially climate and weather in order to reduce
their complexity to a human scale; ARCHITECTURAL INSIGHTS FROM EARLY
DRAWINGS OF CLIMATE AND WEATHER: NATURGEMÄLDE, ISOTHERMS,
CLIMATE PORTRAITS, AND THE BIOCLIMATIC CHART, reflects about the
paradox

of

drawing

ARCHITECTS:

climate

EARLY

and

ORIGINS

weather;
OF

PACKAGING
DESIGNING

NATURE

WITH

FOR

NATURAL

MORPHOLOGY AND CLIMATE, focuses on how ideas travel from environmental
sciences into architecture; and UNDERSTANDING THE CHARACTER OF PLACE:
HUMBOLDT’S

PHYSIOGNOMY

OF

NATURE,

VICTOR

OLGYAY’S

BIOCLIMATIC REGIONALISM AND THE OUTLINE OF A PHYSIOGNOMY
OF CLIMATE examines, from an architectural standpoint, the role of the beauty of
climate in the understanding of the character of a place.
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INTRODUCTION
“But although life is everywhere diffused, and although the organic forces are incessantly
at work in combining into new forms those elements which have been liberated by death;
yet this fullness of life and its renovation differ according to difference of climate”
(Humboldt [1808] 1850, 215).
“The features of the physical environment are blanketed by a vast ocean of air, whose tides
carry climatic elements to all parts of the earth and are in turn modulated by them. Climate
not only plays a great part in the composition of soils, but strongly affects the character of
plants and animals in different regions and—most important from our point of view—
man’s energy” (Olgyay et al. [1963] 2015, 1).
In order to move forward, sometimes is necessary to look back to where we came from.
This dissertation is the result of looking back, from an architectural standpoint, to the early
origins of climate that we use and know. Surprisingly, this glance into the past revealed
that the Damoclean climate we all fear today was rather an enigmatic phenomenon charged
with beauty. All the separate articles that compose this dissertation unintendedly revealed
a different facet of that nuanced beauty.
The built environment is the physical evidence of the kind of relationship that a society has
had with the planet; in the urban form and in each specific architecture can be read the way
in which people related to their places. Place is formed by the physical land with its
particular geography and vegetation, covered by an immaterial atmosphere with particular
climates and weathers. The phenomena of climate and weather, despite being related, are
not the same. Weather is the state of the atmosphere with respect to temperature, humidity,
rain, or sunshine at one moment in one place, while climate are those same weather
conditions but considered over a long period of time. Therefore, climate becomes an
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unescapable force that affects every living being in the planet, whether it is vegetal, animal,
or human. Clothes, shelters and buildings are all man-made moderators between the fragile
human body and the blanketing climate. Because of their scales, built environments that
have been adapted to climate and land nurture the body and the human physique, and create
an affective relationship between people and place, making the relationship between
architecture and climate, crucial.
Historically, local or traditional architecture has more than two thousand years of
wonderful examples of built environments around the world that were designed through
generations to respond to their climate in this way. Single buildings and collective urban
forms mediating between humans, temperature, humidity, wind, sun, light, and rain,
However, this way of making architecture began to be lost under the pressure of the
industrial revolution, the popularization of energy demanding machines of all sorts, from
television, to cars, to air conditioning, and mass urban development, creating a built
environment that artificially controls climate consuming resources and energy.
This type of urbanization, accompanied by other expansions such as agriculture or industry
caused the evolution of global environmental preoccupations that converged into the idea
of sustainable development since the late 1980s. Sustainable development was openly
defined as the capacity of a generation to satisfy its needs without compromising the
capacity of the next generations to satisfy their needs. The field of Architecture interpreted
the concept of sustainable development in different ways, producing relevant approaches
like: Bioclimatic (the building is a protective filter against climate), Environmental (to
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optimize the climatic conditions inside buildings and exterior spaces through design to
create a habitat), Solar (collect, store, transmit, and transform the energy from the sun
through buildings into thermal or electrical energy), Energy efficient (reduces the
consumption of energy of the building during its construction and lifespan), Ecological (to
complete the fragment of ecosystem that a building had occupied), or Sustainable (to give
ethical legitimacy to the building by making it part of a complex system of economic, social
and ecological responsibilities). All these approaches are scientific attempts to design with
climate made by modern architecture since the middle of the twentieth century; and they
have grown in importance in the current context of climate change as they are the best road
to achieve healthier and less consuming built environments.
Consequently, this research identified that despite the fact that there is abundant
architectural research about the design of sustainable buildings in all the aforementioned
approaches, there is limited historical research on the theoretical foundations of the
modern architectural preoccupation with climate and its scientific logic of method,
measurements, and instruments. This research gap was identified after reviewing
bibliographical sources as widely as possible in three relevant scholarly literatures that
focused on the history of architecture’s development in tandem with theories about the
production of knowledge about climate and the environment: Historical Geography of
Science and History of Science, History and Theory of Architecture, and Sustainable
Architecture and Urban Design.
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Therefore, this dissertation aimed to expand the comprehension of the history of climate in
architecture by examining the evolution of the architectural meanings, uses,
representations, and simulations of climate in the period between the second scientific
revolution and the present by means of a historical critical analysis and interpretation
of two significant scientific artifacts: the Naturgemälde and the Climatron.
The significance of these artifacts relies on the milestone position they have in the fields
of geography and architecture respectively, as they attempted to abstract and model climate
for the first time, contributing to understanding this phenomenon in a new way. Visibly
and materially, they were a map and a machine, but more important for this research, they
were what is not visible: momentary, untouchable, and ephemeral simulations of the
phenomenon that now we call climate. The Naturgemälde was a type of infographic image
conceived between 1799 and 1807 by the Prussian natural scientist Alexander von
Humboldt (1769 – 1859). It aimed to explain climate as a global system which involved
the atmosphere, the land and the oceans, representing visually and simulating conceptually
this idea. On the other hand, the Climatron was a laboratory machine conceived around
1954 by Hungarian architect Victor Olgyay (1929-1970). It aimed to physically simulate
climate in order to test building scaled-models.
The research was designed to follow three main stages: Collection of Data, Critical
Historical Analysis, and Writing. As the literature review indicated, the richer method to
study climate through these artifacts was by researching the places where they were
created. Consequently, the collection of primary data was conducted in the places where
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the Naturgemälde and the Climatron were developed, and where related archival materials
are currently held. Secondary sources were original texts and scholarly bibliography freely
available on the UNM campus or through the Interlibrary Loan System. The on-site
research happened in the United States at Arizona State University’s Design Library
Special Collections in Phoenix (Victor Olgyay Collection.: Olgyay, V. (1952), Peter H.
Raven Library in Saint Louis (Alexander von Humboldt Collection which contains an
original engraving of the Naturgemälde); Princeton University’s Seeley G. Mudd
Manuscript Library, Firestone Library Rare Books and Jean Labatut building in the School
of architecture and planning in Newark (material about Victor and Aladar Olgyay, and
place of inception of the disappeared Climatron); and Columbia University’s Averydrawings Library in New York (School of Architecture student drawings). Collection
happened also in the Tropics of South America, specifically visiting sites that were
significant to Humboldt in Ecuador: Quito, Lasso, Riobamba, Guayaquil and mostly
Volcano Chimborazo, protagonist of the Naturgemälde. This way of designing the
collection of data, inherently cross disciplinary as it followed the simulations of climate,
was advantageous as it provided some key pieces of information; for instance, the visit to
the archive that holds the original Naturgemälde provided new information about an
unrelated but contemporary second Climatron, a building that also aimed to simulate
physically all climates.
The analysis of data compared these models of climate as they were beginning points in
each of their fields, one in geography and the other in architecture. One of the questions
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that this research seeks to answer is how was climate understood in geography and in
architecture and how that understanding diffused and affected the World beyond academia.
Besides being compared against each other, both artifacts were compared against
contemporary computer simulations of climate for architects, and against their early
theoretical foundations. Thus, the Naturgemälde was correlated with the earlier work of
Johann Wolfgang von Goethe, Fredrich Schilling, Tobias Mayer, and Antoine Lavoisier.
The Naturgemälde was correlated with the Climatron. The naturalist Alexander von
Humboldt was compared to the architect Victor Olgyay, Volcano Chimborazo against the
Bioclimatic Laboratory at Princeton University, and the mechanics of climatic simulation
of the Naturgemälde and the Climatron against the logic of contemporary climatic
simulation in software for architecture.
Because of its cross-disciplinary nature, this research bridges the larger fields of
Architecture and Geography, making a contribution to the field of Architecture from a
unique historical-geographical standpoint, and to the field of Geography, not least because
Humboldt is recognized in several geographic subfields for his influence on science and
modern environmentalism but is poorly understood in terms of his impact on the discipline
of Architecture.
This dissertation fits within certain themes of research, as shown in the literature review.
The research reflects on the universality of science in architecture (scientifically design and
legitimize buildings); sheds light on the role of the places where, and the technology with
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which, knowledge about climate was produced; and challenges the concept of climate in
architecture, which has become core for the field. It endeavors to find more holistic
scientific approaches to design-with-climate that consider hard data alongside art; and it
proposes to do so by studying artifacts, representations, and instruments, apparently silent
and inert objects, objects which actually hide an agency that could communicate with the
world beyond the biases of their creators and beyond disciplinary limits.
The tangible outcomes of this dissertation include a collection of four related but separate
articles that could be read without any particular order and can be published subsequently
in scientific journals with different target audiences. Each Committee member advised one
of the articles according to their expertise. After two years of analysis of data and writing,
the first two articles, which focused on the artifacts as simulations and representations of
climate, maintained largely their original idea. The last two articles were the ones that
changed the most, the third article focusing more precisely over the circulation of
knowledge from the environmental sciences into architecture, while the fourth shifted from
an initial focus about the influence of climate simulations over the design and construction
of buildings, into the understanding of the definition of the character of place through
climate.
The first article, MODELS OF CLIMATE AND WEATHER, guided by Chris Duvall,
explains the attempts to simulate conceptually and materially climate and weather in order
to reduce their complexity to a human scale. Four generations of models that contributed
to define or evidence the way in which people and architects have understood and use
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climate and weather were identified. The first one was Humboldt’s Naturgemälde, a
diagrammatic model made with the objective to understand climate as a global system
through a simulation in the reader’s imagination. The second generation went beyond
theory and attempted to physically model climate in the 1950s with two Climatron
machines. Olgyay conceived the Climatron laboratory machine in 1954, while American
botanist Frits Went using American architect Buckminster Fuller’s geodesic, conceived in
1959 the Climatron building to control climate. The third generation shifted towards
abstraction, calculating a numerical model of the atmosphere and climate in an early
electronic computer at Princeton University in the late 1940s in order to predict weather.
Numerical modelling promised to solve the limitations that physical modelling had
regarding the simulation of natural phenomena at different scales. Finally, a fourth
generation of interactive models appeared in personal computer devices: virtual models
displayed a three dimensional climate in architectural software since 1994; and, a physical
model simulated weather inside an ornamental lamp connected to smart-phones in 2015,
not only displaying in real time the weather of any place, but being responsive to human
emotions. Interactive models have contrasting motivations: controlling climate against
displaying its beauty. These models were created to be nomothetic (universal) or
idiographic (local); their genesis was propelled by rational or aesthetic drivers; and their
mechanisms could be deterministic or stochastic. The article contributes with conclusions
about the role of models in the study of climate, their value for architectural design, and
the ways in which they could be improved to be useful for architecture. Regarding the role,
the research showed two things: people have been using the concepts of weather (local
meteorological conditions) and climate (long term average weather conditions)
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interchangeably, and a diversity of models has to be made in order to achieve a fuller
picture of reality, models inevitably presenting partial representations of reality. Regarding
the value, despite historical models of climate have not been indispensable for architecture.
They have become necessary today, a realization that leads to the third conclusion that
recommends to develop new models of weather, not climate, with an aesthetic, stochastic,
and idiographic emphasis.

The second article, ARCHITECTURAL INSIGHTS FROM EARLY DRAWINGS OF
CLIMATE AND WEATHER: NATURGEMÄLDE, ISOTHERMS, CLIMATE
PORTRAITS, AND THE BIOCLIMATIC CHART, guided by David Schneider,
reflected about the paradox of drawing the changing and rather invisible phenomena of
climate and weather. The article examined early drawings of climate and weather that
subsequently and indirectly influenced design tools in architecture, making a comparative
analysis of three images: the Naturgemälde (1807), isothermal maps (1878 and 1848) made
by Humboldt, and climate portraits (1954) made by Olgyay. The images were analyzed
using Humboldt’s concepts of “appearance” and “exactitude.” Both show the debt owed to
Humboldt’s thinking to the influence of the work of Johann Wolfgang von Goethe,
Friedrich Schelling, Antoine Lavoisier and Tobias Mayer about the relationship among
mind, art, and nature, nature as a holistic organism, and the mapping of the temperature of
air using precise measurements. The analysis revealed that the beautiful appearance of the
Naturgemälde was more important than its graphical precision because it had to convey
for the public the complex and novel concept of climate as a global system that involved
vegetation, atmosphere and land. While contrastingly, the rendering of each isoline that
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composed isothermal maps was a direct result of their precise method (plotting dispersed
local measurements over two dimensional surfaces). The early architectural design tools of
climate portraits and the bio climatic chart are based on the logic of isothermal maps,
therefore, the essence of their images is a result of their precision too.
Finally, the article contributes with conclusions regarding the role that drawings of climate
had acquired in architecture, and the ways in which drawings of climate and weather could
be improved in the future to become truly useful. Besides improving drawings of climate
for architecture by increasing their “exactitude” (more and more precise measurements),
what could be truly innovative for architectural practice would be to develop design tools
that can represent the sensorial richness of climate. This could be achieved in two ways:
complementing isotherms with evocative texts and images about the ephemeral experience
of weather (personal experience-interpretation), and exploring climate using the body and
making conscientious records about it (immersion).

The third article, PACKAGING NATURE FOR ARCHITECTS: EARLY ORIGINS
OF DESIGNING WITH NATURAL MORPHOLOGY AND CLIMATE, guided by
Maria Lane, focuses on how ideas travel across disciplines, specifically from
environmental sciences into architecture. Between 1899 and 1904, the innate beauty of
certain microscopic organisms was presented to the general public in extremely detailed
drawings and striking compositions in the booklets Art Forms in Nature made by the
zoologist/artist Ernst Haeckel. Haeckel got the inspiration to conceive these packages from
Humboldt's early environmental thinking, which was based on the necessity to merge art
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with science to truly understand nature. Later, between 1953 and 1963, the invisible flows
of climate and man’s reaction against it were presented for architects in the instrumental
and cartoonish Bioclimatic chart and Bioclimatic index made by Olgyay. This article
explores these two examples to understand how environmental knowledge circulates using
images from the natural sciences into the humanities, particularly into architectural
discourse and practice. To do so, it coins and employs the concept of “hybrid off-the-shelf
packages.”
Haeckel’s booklets and Olgyay’s chart were understood and classified as information
packages that delivered cognitively distant environmental information for architects in a
language and a format that their idiosyncrasy as artists could understand. Visual art merged
with precise science making these packages hybrid. Then, the packages became accessible
for a wide audience by making them purchasable mediums like booklets, books, or
software that could be taken right off-the-shelf to be applied on the design of buildings.
Also, the package’s standardization simplified the information, taking away some of its
local peculiarities but making it more applicable everywhere. Art Forms in Nature and the
Bioclimatic chart and bioclimatic index were conceptualized as hybrid off-the-shelfpackages because they packaged environmental information about natural morphology and
climatology for a wide audience as collectable booklets (with design patterns) and as
standardized instrumental charts (to design with climate). In the long run, both packages
were successful, causing a chain reaction of replications that affected the arts and
architecture around the world. Art Forms in Nature nurtured the artistic movement of Art
Nouveau, while the bioclimatic chart became representative of Bio-climatic architecture
and an instrument of sustainability.
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This article concluded that hybrid packages between art and science increase cognitive
proximity while avoiding incestuous self-replication. These packages can produce
unexpected scientific results because they expose environmental information to different
disciplinary practices, perspectives and instruments. Therefore, more hybrid off-the-shelf
packages should be constantly developed as they can increase the replication of good
environmental practices, the number of responsible professionals, and catalyze
innovations.

The fourth article, UNDERSTANDING THE CHARACTER OF PLACE:
HUMBOLDT’S

PHYSIOGNOMY

OF

NATURE,

VICTOR

OLGYAY’S

BIOCLIMATIC REGIONALISM AND THE OUTLINE OF A PHYSIOGNOMY
OF CLIMATE, guided by Eleni Bastéa, examines, from an architectural standpoint, the
role of the subjective impression of beauty in the understanding of the character of a place.
It compares the theories related to the character of place made by Humboldt and Olgyay.
Olgyay’s regionalism had an oxymoronic quality as it countered detachment from place
and lack of identity in architecture by using a rigorous scientific method that continued to
focus on the large scale of the ‘region’ despite his aspiration to highlight the local. In
contrast, Humboldt’s pseudoscientific physiognomy of nature zoomed into the more
intimate scale of the self through the aesthetic impression made by a place in order to
understand the greatest scale of nature as a phenomenon. Humboldt argued that any region
of the earth had an individual or peculiar beauty that produced a total impression over a
person, constituting its temperament or character. Therefore, the person apt to study nature
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from a physiognomic point of view and produce useful knowledge would be an artist, thus
logically an architect.
For Humboldt and Olgyay climate regulated the physiognomy (appearance) of nature in
the case of the first, and of the native built environment (before mechanical conditioning
devices) in the case of the latter. While Olgyay used mostly quantitative data, Humboldt
included qualitative data that came from subjective human experiences in which beauty,
and the sublime and terrible sides of place were perceived. Both approaches have value
and complement each other. Therefore, the article argues in favor of a Physiognomy of
Climate that could study the beauty of climate and its total impression over a person.
Humboldt’s physiognomy has value today and can enrich environmental architecture by
introducing the personal dimension with which nature, climate, and place are experienced.
This outline of a physiognomy of climate identified three approaches to enhance the beauty
of climate through buildings: integral beauty (the pursue of beauty is equally important and
necessary as the pursue of comfort and efficiency), beauty by contrast (focus on increasing
delight instead of reducing thermal dissatisfactions - stimulation by contrast and variation
in tandem to metabolic efficiency), and conscientious visits to place (immersions in the
grand theater of climate and nature with a variety of tools that can range from measuring
instruments, to journals, or drawings).

Finally, from the collective reading of all articles and from a look back at the entire research
project, some general conclusions were obtained. First, taking the initial expectations of
the research together, it is argued that there is a need to find ways in which the local, not
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the universal, is included in design-with-climate. The importance of “the local” challenged
the concept of climate in architecture, when it was revealed that people use the concepts of
climate (long term weather conditions) and weather (the state of the atmosphere at one
moment and place) interchangeably. This means that climate as a global system is a rather
young and abstract concept that hasn’t been understood and assimilated yet in the public
perception. In contrast, weather as a local, material and immediate experience prevails in
the conscience of the massive not-expert public. So, the preference for the experience of
weather over the idea of climate can be read as evidence of the force and impression that
place exerts over people, a realization that has potential to improve the methods to design
with climate in architecture; and it can also be read as evidence of the impossibility of a
universal science of architecture with climate.
Outside of the original expectations, the research evidenced the necessity to promote the
circulation of environmental knowledge into Architecture in order to catalyze innovations
that most likely can contribute to reduce the gap between built environment and nature.
The inherent beauty of natural phenomena become the common language between natural
scientists and designers.
And lastly, for me personally, this research was most important because it succeeded in its
original expectation of contributing towards more holistic scientific approaches to designwith-climate that consider hard data alongside art. Revisiting the early theoretical
foundations of climate as a system, set by Humboldt, did provide a new comprehension of
the history of climate in architecture. I have come to believe that Humboldt’s approach to
science offers insights for making a built environment that is less alienated from nature
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through the development of architecture that includes the beauty of climate in the design
process. By allowing beauty to be a protagonist in the conversation about climate and
weather, we can actually begin to be more accurate in the way that we represent, simulate
and use this force for architectural purposes.
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MODELS OF CLIMATE AND WEATHER
Abstract
This article explains attempts to simulate climate and weather, both conceptually and
materially, in order to reduce their complexity to a human scale. Four generations of
models that defined or evidenced the way in which people and architects have understood
and use climate and weather are identified. The first-generation model, developed between
1799 and 1807, is Alexander von Humboldt’s Naturgemälde, a diagrammatic model that
simulated climate as a global system in the imagination of those who read it. The second
generation consists of two models from the 1950s that went beyond theory and attempted
to physically model climate in order to control it; one was a machine and the other a
building, both called “Climatron.” Hungarian architect Victor Olgyay conceived the
Climatron laboratory machine in 1954, while American botanist Frits Went, using
American architect Buckminster Fuller’s geodesic dome, conceived the Climatron building
in 1959. The third-generation model, which appeared almost parallel in time and space to
the Climatrons, shifted towards abstraction. It is an early electronic computer that
calculated a numerical model of the atmosphere and climate in order to predict weather.
Numerical modelling promised to solve the limitations of physical modelling regarding the
simulation of natural phenomena at different scales. Finally, the fourth generation is
represented by interactive models that appeared in personal computer devices. One was a
virtual model created in 1994; it displayed a three-dimensional climate in architectural
software. The other, created in 2015, was a physical model that simulated weather inside
an ornamental lamp connected to a smartphone. It not only displayed the present and future
weather of any location in real time, but also was responsive to the user’s emotions. These
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models had contrasting motivations: one to control climate and the other to display its
beauty. The four models were created to be either nomothetic (universal) or idiographic
(local); their genesis was propelled by rational or aesthetic drivers; and their mechanisms
could be deterministic or stochastic. This article contributes to an understanding of the role
of models in the study of climate, their value for architectural design, and the ways in which
they could be improved to be useful for architecture. Regarding the role, the research
showed two things: people have been using the concepts of weather (local meteorological
conditions) and climate (long-term average weather conditions) interchangeably, and a
diversity of models has to be made in order to achieve a more complete picture of reality,
because models are only partial representations of reality. Regarding the value, although
historically models of climate have not been viewed as indispensable for architecture, they
have become necessary today, showing interesting potential to innovate architectural
design processes. This leads to the conclusion that innovation could be advanced and
architectural design improved by developing new models of weather, not climate, with an
aesthetic, stochastic, and idiographic emphasis.

Introduction
This article is about models of climate, as demonstrated by a drawing, a machine, a
building, computers, and an ornamental artifact. Such models conceptually and materially
attempt to reduce the phenomena that we call climate and weather to a human scale,
simulating their complexity in two or three dimensions in order to understand, predict,
control, or sense them. Climate and weather are not the same; climate has been defined as
“the total experience of the weather at any place over some specific period of time” of
around 30 years (Lamb [1982] 1995, 8), while weather has been defined as “the state of
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the atmosphere at a given place and time” (Fleming 2010, 6). The models of climate and
weather shown were conceived and produced first in South America and Europe in the
natural sciences, specifically in botanical geography in the early nineteenth century; later
in North America in the disciplines of architecture, meteorology, and the computer sciences
between the mid- and late-twentieth century; and finally, in Asia in the computer sciences
in the twenty-first century. These artifacts show the general qualities that all models have
as tools for simplification used to produce universal laws and represent complex relations.
This article identifies four generations of models that have defined or evidenced the way
in which people and architects have understood and use climate and weather. The firstgeneration model was an infographic image (drawing) called Naturgemälde that made an
early simulation of climate as a global system (involving vegetation, soil, and atmosphere)
in the imagination of those who read it. This diagrammatic model was created by an
important figure of Western science, the Prussian natural scientist Alexander von
Humboldt, between 1799 and 1807, with the objective to understand and evoke climate.
The second-generation example consists of two models that went beyond theory and
attempted full physical simulation of any climate of the world by mechanical means. One
was a laboratory machine made by Hungarian architects (and twin brothers) Victor and
Aladar Olgyay, and the other was a building conceived by American botanist Frits Went,
using American architect Buckminster Fuller’s geodesic dome. The creators were unaware
of each other’s efforts, despite both being made in the mid-1950s, having the same goal to
control climate, and being called Climatrons. The third generation shifted towards
abstraction, calculating a numerical model of the atmosphere and climate in an early
electronic computer that appeared almost parallel in time and space to the Climatrons.
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Numerical modelling held two promises: solving the inherent limitations that physical
modelling had regarding the simulation of any natural phenomena at different scales and
predicting weather. Finally, a fourth generation of interactive models appeared in personal
computer devices in two ways. One, a virtual model for architectural environmental
analysis, was created by an architect and software engineer in 1994. It displayed a threedimensional climate through flat screens, using software. The second, created in 2015 by
another software engineer, physically simulated weather inside ornamental lamps
connected to smartphones. It not only displayed the present and future weather of any
location in real time, but also was responsive to the user’s emotions. Both interactive
models had contrasting motivations; the software-climate model was meant to control
climate, while the ornamental-weather model was meant to display its beauty.
These models were compared through three parameters: the genesis of their creation, their
mechanisms, and their subsequent influence. This comparison revealed similarities and
differences between the models. First, the models were created with two ranges—they were
meant to be either nomothetic (universal) or idiographic (local); second, the genesis of the
models could be propelled by rational or aesthetic drivers; and third, the models’
mechanisms could be either deterministic or stochastic. This comparison contributed to
comprehension of the role of models in the study of climate, the value of models of climate
and weather for architectural design, and the ways in which models of climate and weather
could be improved in the future to become truly useful for architecture.
1. The role of models in the study of climate. The four generations of models revealed first
that people have been using the concepts of weather and climate interchangeably, and
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second that a diversity of models has to be used in order to achieve a more complete picture
of reality, because models are only partial representations of reality.
2. The value of models of climate and weather for architectural design. Climate as a
phenomenon has a different value for the practice of architecture than models of climate
have. Climate (long-term average and aggregate weather conditions) has been historically
an important design determinant for the practice of architecture, and today that importance
has been elevated with the challenge to help solve some climate-change related problems
through efficient buildings. Models of climate historically have not been indispensable to
the field; however, they have become necessary today, showing interesting potential to
innovate architectural design processes.
3. The ways in which models of climate and weather could be improved in the future to
become truly useful for architecture. Models of climate for architectural practice have
reached an important level of precision. Making them even more precise would improve
their usefulness, but developing models of weather (not just climate) offers interesting
potential for advancing innovation in architecture. These new models of climate and
weather should be developed with an aesthetic, stochastic, and idiographic emphasis.
After the introduction, this article provides the reader with context about the nature and
types of models in general and specifically of climate and weather models, and it explains
the axes of analysis: universal/local, deterministic/stochastic, and rational/aesthetic. The
body of the article is composed of four sections dedicated to explaining the genesis, the
behavior, and the influence of each of the four generations of models, ending with
conclusions that contribute to comprehension of the role of models in the study of climate
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and the architectural value of models of climate, and suggesting ways in which models of
climate and weather could be innovated to benefit the practice of architecture.

Review of the Nature of Models
This section provides context about models, explaining their nature and their value in
producing knowledge, identifying some general typologies, and briefly reviewing subjects
or phenomena that have been modelled. It introduces the particular challenges of making
models about weather and climate, phenomena that instead of being objects that can be
held in the hands, are intangible and dynamic forces with an unfathomable dimension.
The nature of models
Models are tools of science with a twofold nature. They allow us to reduce the “apparent
complexity of the world, so that our understanding of at least some aspects of reality is
increased” (Kennedy 1979, 553); that complexity can come from the intricacy or the
dimension of man-made or natural elements. Models are tools used for defending
knowledge claims and “establishing scientific authority” (Chadarevian and Hopwood
2004, 3). Models can be at the same time “models of—objects that stand for others . . . and
models for—objects that facilitate various scientific activities” (Griesemer 2004, 435).
Reducing scale and complexity: All things, phenomena, or events found on the planet or
in the universe exist following certain behaviors and relationships, and also exist with a
real dimension that can be huge like the solar system or tiny like an atom in comparison to
the human scale; becoming impossible to hold in the hands or to be conceived inside what
Ferguson calls the “mind’s eye” (Ferguson 1977, 827). If we consider that everything in
reality exists at a 1:1 scale ratio, a model would be anything that makes a proportional

22

representation of that reality in a different scale; the scale ratio of a model can be smaller
or larger than the original feature. Hence, the two major approaches that models follow to
reduce or enlarge some part of reality are simulation or simplification. Simulating reality
aims to replicate complexity as precisely as possible at an appropriate scale for human
comprehension. Simulation allows us to study phenomena that cannot be directly
experimented with because of cost, size, or accessibility. Simulation allows models to
achieve three objectives. “To predict the future, to identify the mechanisms crucial to the
generation of patterns observed in reality, and to reconcile observed patterns with
concepts” (Beck et al. 1993, cited in Inkpen 2005, 101). This is possible because the
simulated reality is a “complex assemblage of constituent hypotheses . . . that operate
together to produce a set of outcomes that can then be compared with reality” (Beck et al.
1993, cited in Inkpen 2005, 101). However, making a simulation of reality that is absolutely
precise and exact might be unachievable, not only because of the technical difficulties, but
because of the very nature of reality and models themselves. For Beck, “the behavior of
complex environmental systems” and the way we observe that behavior are “intrinsically”
and “fundamentally imprecise” (Beck 1991, 7, 8). For Landström et al., models are
“wrong”, specifically computer ones, “in the sense of being simplified” as they generate
results correct enough to be useful despite “not providing realistic representations”
(Landström, Whatmore, and Lane, 2013, 681). For Thorn as well, “a model is an
abstraction and a simplification of reality . . . it does not, nor is it intended to, mirror reality”
(Thorn 1988, cited in Inkpen 2005, 105). Taking this reflection further, if a model is an
exact copy of reality at a 1:1 scale, then it would cease being a model and would become
reality. Therefore, the different scale of a model makes it fundamentally flawed.
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Simplifying reality means to reduce its complexity to its most essential components and
procedures. The most successful model would be one that manages to explain or represent
the essence of a complex phenomenon with the fewest facts or information, or in a similar
way, one that is able to compress more information into a reduced format. Simplification
demands an interplay between accuracy and aesthetics, in which a model might sacrifice
exactitude in the name of appearance or vice versa.
Defending knowledge claims: There is a debate about science producing knowledge that is
universal, that can be replicated anywhere after transcending material constraints.
“Geographically, knowledge claims stem from research carried out in specific local
contexts, yet for the knowledge to become established as scientific it has to become
perceived as being ‘placeless.’ The global network of scientists and their laboratories
constitutes a ‘transportation infrastructure’ to replicate empirical findings from one place
to another” (Frenken 2010, 12). Although models are part of the network of universal
science, they are being rethought by the argument that science is a situated social construct,
and the knowledge it produces (especially about the environment) is inevitably shaped by
a “trichotomy of production, application, and circulation” (Goldman, Turner, and Nadasdy
2010, 4). So, models should not be seen only as simplifications and simulations of reality,
because they actually summarize or encapsulate “what an investigator regards as important
about the section of reality under study and how it operates” (Inkpen 2005, 102). Models
serve a particular purpose, and answer only one question about nature at a time. Therefore,
more models are needed in order to understand all facets of reality, because the knowledge
about nature obtained through models cannot be universal and because models reveal the
researcher’s bias and background. As Duvall argues, the unquestionable universality of an
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environmental category or a model weakens after one realizes that they are human
representations of reality based upon the inclusion and exclusion of certain data and
parameters (Duvall 2011; Duvall, Butt, and Neely 2018). Precisely this perception of
universality allows the mobilization of models “to convince colleagues, train new
practitioners, gain funding, and win public support” (Chadarevian and Hopwood 2004, 2).
In this effort to establish scientific authority and defend a claim, as Chadarevian and
Hopwood had identified, models have appeared in places for research and design like
laboratories, workshops or studios, in places for teaching like lecture halls, in places for
display like museums, congresses, shops, or exhibition halls; and have been made at all
stages of creation, teaching, and/or research showing that in the history of science and
production of knowledge about reality, models have had a greater value than as only simple
artifacts for pedagogy or popularization (Chadarevian and Hopwood 2004).
Models’ value to produce knowledge
Adopting Knuuttila’s distinction in computer simulation modelling, models can serve as
“representational” tools (enabling knowing by seeing) and as “performative” tools
(enabling knowing by making) (Knuuttila 2006, cited in Landström, Whatmore, and Lane,
2013, 681). As representational tools, models aim to provide one realistic representation
of reality; their capacity to mimic a natural phenomenon at a human scale is what gives
them their value to produce knowledge by contemplation. According to Chadarevian and
Hopwood, studies of visual culture try to answer the question of how viewers engage with
a model because looking at models from different points of view or in motion causes an
experience different than viewing flat items (Chadarevian and Hopwood 2004, 11). Models
“as the representation itself” mediated between showing certain process or structure and
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being by themselves something beautiful to contemplate (Griesemer 2004, 438), thus,
serving as a language in common between professionals, engineers, scientists, customers,
fabricators, users, and audiences. However, it has been argued that models are actually
performative tools in the sense that their value relies on “how researchers learn” from the
actual process of modelling, not in producing new knowledge (Landström, Whatmore, and
Lane 2013, 681), nor in the accuracy of their simulation or in the effect of their
contemplation. From the study of 3-D models like parts of the human body molded in wood
or plaster moulages, “knowing by making” appears as a process that might involve a more
intimate and continued physical interaction between model and modeler that can lead to a
deeper understanding of certain aspects of reality (Chadarevian and Hopwood 2004, 9).
But despite allowing this physical interaction, models inherently prevent physical
interaction with the phenomenon that is being studied, becoming an entirely different way
of making science. For example, learning about nature through models happens by
“rendering physical processes and events” instead of manipulating physical objects or
having bodily interactions with the phenomenon (Landström, Whatmore, and Lane 2013,
680).
Models are paradoxical. They study reality by being isolated from it in an artificial
environment that supposedly not only is free from the constraints of matter, but also
controls it. In addition, models are incapable of producing universal knowledge about
nature because they are based on human decisions.
Typologies of models
Scholars have identified similar typologies of models. For example, Beck (1991; cited in
Inkpen 2005, 101) defines “conceptual” (structure before data), “metric” (raw data input),
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and “physics-based” models (build a physically coherent model of reality); while Giere
found “theoretical” (imaginary-mental entities or abstract objects), “diagrammatic”
(representations in two dimensions), and “physical scale models” (three-dimensional
models that can be grasped with the hands) (Giere 1999, cited in Chadarevian and
Hopwood 2004, 2). According to both classifications, some models can be made purely for
the mind, others can flatten reality in two dimensions, and the most complex ones try to
physically simulate reality in three dimensions. A fourth typology should be included—
interactive models that are virtual/digital models that create physical models inside the twodimensional screen of a computer. These models can be turned, twisted, and manipulated
through an intermediate device like a computer mouse, but they cannot be touched with
the hands. Interactive models target “the user’s capacity to ‘manipulate’ and transform in
real time the structure presented on the computer monitor,” sharing “characteristics with
both 2-D and 3-D modes of representation” (Francoeur and Segal 2004, 402). The digital
universe of interactive models allows them to escape material limitations that physical
models have, representing more clearly dynamic physical forces. Even more, the digital
universe of interactive models makes them paradoxical, because reality can indeed be
replicated precisely in a 1:1 scale, yet that 1:1 reality is only visible partially through the
small and flat screen of a computer. Three-dimensional mechanisms and a variety of
viewing/recognition options like multiple points of view, rotations, shadings, stereoscopy,
occlusion, color coding, and labeling of elements allow users to highlight or hide features
of the model. “One can zoom in to observe specific details or zoom out to take in the overall
shape” of that 1:1 reality (Francoeur and Segal 2004, 404). However, interactive models
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should not be regarded as superior to physical ones, because physicality still causes
cognitive benefits that come from a sensorial exchange.
Philosophers and historians of science, art, and visual culture have studied theoretical and
diagrammatic models (drawings) more than physical models, which have been rather
neglected. There are two probable reasons for this. First, physical models are harder to
collect (size, weight, mechanisms) than portable maps or books. Second, physical models
suffer a certain lack of prestige as serious parts of traditional science. In comparison,
theoretical or diagrammatic models are more elegant in their extremely abstract and
simplified versions than physical models, which have to deal with the material messiness
of reality that exacerbates the inherent error that all models have. A sign of the perceived
unsophistication of physical models might be the fact that not even the disciplines in which
physical models are quintessential, like “chemistry, anatomy, and architecture”
(Chadarevian and Hopwood 2004, 7), have studied their role and status sufficiently.
Subjects to be modelled
Efforts have been made to model many parts of reality. Examples include buildings,
monuments, mathematical equations, ships, molecules, embryos, economic behaviors,
diseases, animals, anatomies, societies, planets, food, plants, thunder, clouds, systems, and
machines, just to name a few. The variety of characteristics that affect the size, visibility,
or materiality of these subjects has caused a diversity of solutions in models, in which
materials, techniques, and media have guided their making. In addition to diagrams,
concepts, and software, models have been made physically from cardboard, cork, clay,
plaster, metal, wood, plastic, wax, paper, glass, bricks, or mortar (Chadarevian and
Hopwood 2004, 1, 8-9). Models can be single inert pieces, they can be working objects

28

that perform actions, or they can be designed to be taken apart, removing complexity by
layers. Sometimes these models are drawn diagrammatically or virtually on small-format
paper or on big sheets that need to be folded, using colors, grids, arrows, lines, schemes,
symbols, detailed images, or abstract schemes.
To sum up, the knowledge about nature that is obtained through models cannot be
universal. Models cannot be absolutely precise, and models are conditional to their
modelers. In order to understand all facets of some part of reality, more models are needed,
and those models should come from a diversity of modelers. As models are fundamentally
“wrong” (Landström, Whatmore, and Lane 2013, 681), they are more important as
performative tools than as representational ones, meaning that their value to produce
knowledge comes from the actual process of modelling, not only from their ability to mimic
a natural phenomenon. Models are tools of science that allow us to understand complex
aspects of reality by simulating them in a smaller scale or by simplifying that complexity.
To do so, they have become theoretical (mental entities), diagrammatic (2-D
representations), physical (3-D representations), and interactive (virtual representations of
3-D models in 2-D). Models open a path between places of research and display, mediating
among customers, scientists, creators, and other people. “Models are strategic objects of
knowledge from which to investigate the cultures of sciences . . . By studying their making,
distribution, and display, we learn more about models, about representation and
dimensionality, and about producing knowledge” (Chadarevian and Hopwood 2004, 12).
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Models of Climate
Modelling a part of reality that can be held with the hands or seen with the eyes (e.g., a
building, an animal, or a ship) is relatively easier than modelling a part of reality that,
despite existing, tends to be intangible or invisible, such as climate or weather. There have
been a small number of interesting attempts to model climate since the early nineteenth
century. These attempts began in botanical geography, later to be continued in climatology,
architecture, and the computer sciences. In their times, these attempts optimistically tried
to overcome the inherent limitations of models; they were efforts to achieve absolute
precision, generate universal knowledge, and free the models from the influence of their
modelers. Many facets of climate have been understood through four generations of climate
models created by a diverse group of modelers who attempted to reduce the dimension of
climate to a human scale, simplify its complexity to fit human comprehension, and
represent its global dynamics.
There has been a fascination with weather that can be traced back as early as Ptolemy of
Alexandria and his weather diary from around 120 CE (Lamb [1982] 1995, 159). Other
examples include the appearance of instruments like the barometer and thermometer to
numerically measure meteorological conditions of weather, and the amateur meteorology
culture that appeared in Europe in the seventeenth and eighteenth centuries, with people
keeping journals to record extraordinary weather (Endfield and Morris 2012, 71). Up to the
early 1800s, attempts to understand weather were made mostly through measurements,
which were local and ranged from the qualitative (experiencing freak weather) to the
quantitative (temperature, humidity, wind, rain, barometric pressure). In 1807, however, a
conceptual change was initiated by a model of nature and climate that clearly presented for
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the first time the notion that climate was part of a global system that involved the
atmosphere, the earth’s surface, vegetation, and living beings. The model was called
Naturgemälde. It was a conceptual and diagrammatic model that suggested the basic
mechanism for the generation of patterns of climate. This new concept of global climate,
accompanied by two additional maps about the distribution of temperature on the earth
from 1817 and 1848, had a powerful influence that affected many fields. It also created
two new ones—climatology and meteorology—to study climate and weather, which
became close but different phenomena. The appearance of another model of climate had to
wait until the 1950s, when two different physical models were made in the fields of
architecture and botany. One model was a laboratory machine intended to control the
design of buildings, and the other was a building intended to control the growth of plants.
Both were called Climatrons. A third type of model was also made in the 1950s, using early
computers. This was a numerical and digital model intended to simulate the atmosphere
and climate to predict weather. Eventually, digital models merged with physical models in
the early 1990s, producing a fourth generation of interactive climate models. One example
was delivered as standard software in personal computers for design professionals; another
was created as a digital or “smart” ornamental artifact that physically displayed the beauty
of climate. These interactive models build a virtual physical reality based on first principles
in a digital universe.
All these models attempted to understand climate, a phenomenon of nature that is
intangible and that has a larger than human scale. Some were mental entities, others were
physical constructions, others numerical abstractions and other virtual realities. Thus,
looking at these models reveals how climate was considered in their specific times,
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showing that climate as a global system became an idea that overshadowed the experience
of weather. The lived experience of climate is inevitably place-based, but since that first
model of climate appeared, people have been making it placeless through models, which
have proven seductively deceptive and increasingly sophisticated but ultimately inadequate
to the task of reproducing any climate at any place.
The following sections will discuss and evaluate those four models of climate, relating their
implications to contemporary understandings of nature and to architectural design. The
axes of evaluation will be three dualities: universal (nomothetic) vs. local (idiographic),
deterministic vs. stochastic, and rational vs. aesthetic.
Universal or nomothetic deals with the abstract and the general—with statements and laws
that are consistent, predictable, and applicable everywhere—while local or idiographic
deals contrastingly with things that are concrete, individual, and specific, with a uniqueness
that gravitates towards disorganization. When used in connection with climate and weather,
universal refers to climate, a set of long-term weather conditions and a global system, while
local refers to weather, the state of the atmosphere at one moment and place. Universal
climate is only indirectly tangible, while local weather is a place-based physical
experience. Weather is an immediate, local event (thus tangible), whereas climate is an
average (thus abstracted, and not directly tangible). Deterministic suggests predestination
in processes, a quality or state in which events of reality are causally determined by
inescapable universal laws or preceding events. In a sense, it refers to a Newtonian universe
in which reality is mechanically predictable. Stochastic refers to chance and probability,
involving the inclusion of random variables and the embracement of a more chaotic and
unpredictable universe. A stochastic model is paradoxical in the sense that it becomes more
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real when it cedes control. A deterministic approach towards climate believes it is possible
to predict and control it, while a stochastic approach would renounce all pretensions of
control after recognizing that climate and weather are uncontrollable phenomena. Rational
refers to something that is useful, has a practical purpose, can assure benefits, or has
mathematical certainty, and because of these traits, might be perceived as unfeeling.
Aesthetic, contrastingly, refers to something that is beautiful and pleasurable; it is perceived
(or not) by the senses or the mind, offering tangible sensations. An aesthetic approach is
guided more intuitively by curiosity and might be perceived as useless. When used in
connection with climate and weather, a rational approach would precisely define the
phenomenon of climate using quantitative data, while an aesthetic approach would define
weather through qualitative experiences and personal perceptions. The aesthetic principles
of their times affected each model’s design and output.
These dualities appear in different degrees along all four generations of climate models,
revealing the zeitgeist of their times, and helping with the understanding of climate and
how humans interact with it.
First generation: Naturgemälde. A drawing to imagine climate
This section argues that the first-generation model of climate was a drawing called
Naturgemälde, done by the Prussian scientist Alexander von Humboldt in 1807. This
model contributed to the understanding of climate as a global system that united nature.
The section discusses the genesis of the model, its characteristics as a theoretical and
diagrammatic model, and its subsequent influence.
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Genesis of the model
Alexander von Humboldt was “one of the most influential public intellectuals of the
nineteenth century” (Zimmerer 2006, 335), recognized for his contribution to the
development of disciplines such as geography, botany, economics, climatology, zoology,
chemistry, and environmentalism. Humboldt’s early holistic constructions of nature and
environmental thinking contributed to changing two general perceptions about nature and
climate. Before his work, it was believed that climate depended only on the inclination of
the sun according to the world’s latitudinal belts. His work proved that climate was in fact
a system caused by the interaction of the atmosphere, land, and oceans, determining vegetal
and animal life and being affected by it in return. In addition, nature had been perceived in
a Newtonian sense, as a controllable or predictable mechanism with separate parts and
predetermined or causal roles. Humboldt conceptualized nature as an ecological entity in
which everything, living and inert, large or small, is interconnected dynamically and
without hierarchy.
Humboldt was able to model the aforementioned concept of nature united by climate
because of his distinctive qualities as a natural researcher and his exploration of a unique
region of the equatorial tropics of South America.
Humboldt as a researcher had two distinctive qualities: his interest in merging art with
science, and his interest in seeing parts of nature holistically. First, Humboldt was inspired
by the poet Johann Wolfgang von Goethe to use art, poetry, imagination, and subjectivity
as fundamental components to understand nature and its inseparable relation with humans
(Wulf 2015). “When the active spirit of man is directed to the investigation of nature, or
when in imagination he scans the vast fields of organic creation, among the varied emotions
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excited in his mind there is none more profound or vivid than that awakened by the
universal profusion of life” (Humboldt [1808] 1850, 210). Art was powerful as something
evocative that could register the impression of nature on the imagination, as well as
replicate that impression on others who observed it. Thus, art might attract more people to
the study of nature (Humboldt and Bonpland [1807] 2008). “Humboldtian Science is the
map of physical lines, tracing heat, magnetic intensity, organic diversity.” Art allowed for
the mapping of invisible natural forces or phenomena like temperature, magnetism, or
climate (which had not been mapped before) by “drawing lines” from many dispersed local
measurements. (Dettelbach 1999, 486). Enough small, dispersed precise measurements
taken together could create an image of a physical phenomenon. According to Dettelbach
(1999), Humboldt adapted this technique from cartographer Tobias Mayer, who used it to
reveal the laws of heat distribution on Earth (in 1775). In addition, Humboldt adapted the
techniques of French chemist Antoine Lavoisier to systematize knowledge, merging
precise measurement with analytic reasoning; using and designing equipment to measure
invisible forces; and paying attention to the researcher’s sensibility and its effect on what
was being measured and vice versa. Humboldt’s work reveals his belief that images could
be “designed to register dynamic relationships or immaterial entities,” and for him, the
larger entity with vast dynamic relationships was nature. Some images could abstractly
“manifest to the senses” the “variation of physical forces” by manipulating “vertical and
horizontal scales” (x,y) (Dettelbach 1999, 481). Quantity and efficiency of measurement
acquired importance for Humboldt to register those forces; “the great problem of life is
how to produce a great number of exact measurements in a short time” (Humboldt n.d.,
cited in Dettelbach 1999, 480). Humboldt’s early representations of environmental science
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were significant in his own time. “Before Humboldt we had no graphic representation of
complex natural phenomena which made them easily comprehensible, even to minds of
moderate cultivation” (Agassiz 1859, cited in Jackson 2008, 22).
Second, to Humboldt, nature was such a “great chain of causes and effects” that “no single
fact can be considered in isolation”; the only way to advance its study was “by individual
studies and by connecting together all the phenomena and productions on the surface of
the earth” (Humboldt and Bonpland [1807] 2008, 79). But that connection had to rise
“above the requirements of mere delineation, and does not consist in the sterile
accumulation of isolated facts” (Humboldt [1808] 1850, 375). Thus, he acquired the “habit
of viewing the globe as a great whole” (Sachs 2006, 52), and examining “the differences
and similarities without ever losing sight of the whole” (Wulf 2015, 32). “While the
outward circumstances of my life, and an irresistible impulse to the acquisition of different
kinds of knowledge, led me to occupy myself for many years, apparently exclusively with
separate branches of science—descriptive botany, geology, chemistry, geographical
determinations, and terrestrial magnetism, tending to render useful the extensive journeys
in which I engaged,—I had still throughout a higher aim in view; I ever desired to discern
physical phenomena in their wildest mutual connection, and to comprehend Nature as a
whole, animated and moved by inwards forces” (Humboldt [1845] 1847, xvii, xviii).
Humboldt’s approach was to study facts and represent them collectively; in his words, “the
large picture, the ensemble, excites our imagination” in nature as well as in “imitative arts
and descriptive poetry” (Humboldt and Bonpland [1807] 2008, 73).
Humboldt was able to apply these techniques in his first exploration voyage outside
Europe. For five years in the equatorial tropics of South America (1799-1803), he was
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exposed to a climatic and biological diversity (Oxford et al. 2012, 19) that surpassed any
place in Europe (Humboldt [1808] 1850, 193-195), providing him not only with a vast
amount of facts about the surface of the earth, oceans, weather, vegetation and animals, but
also with his new ecological vision.
Humboldt explored territories that today belong to Venezuela, Ecuador, and Colombia;
between 10 degrees latitude north and 10 degrees latitude south he was exposed to a great
climatic, geographical, and biological diversity in a relatively small/limited area that
allowed him to travel through the overlapping environments of the rainforest, highlands,
and coast. In a sense, exploring this region from warmer coast to colder summit worked as
a scale model of the planet itself, simulating at a smaller scale a journey from the tropics
of the planet to its poles, thus revealing to the careful observer that climate was an
inescapable force that determined the forms of vegetal and animal life.
Humboldt’s position as a foreigner from Europe probably made him more aware of the
overlapping permanent climates of the tropics. Humboldt grew up and lived in countries
that experienced four seasons during the year: summer, winter, spring, and autumn, each
with very different climates and types of weather. However, the equatorial tropics of South
America had very contrasting conditions caused by their geographical position around
latitude zero, in which instead of having four different climates each year, each region had
one perennial climate all year long. In the same way, instead of having changing vegetation
according to each season, a yearly perennial climate amplified the characteristics of the
vegetation.
The encounter between Humboldt and the equatorial tropics of South America
metaphorically opened up a dialogue in which the most relevant conversations happened
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in the rainforest, the highlands, and the coast. The rainforest was crowded with life, in
contrast with Europe, which not only did not have such profusion of life in its wilderness,
but also in its topographical flatness it had been extensively tamed by civilization (industry,
architecture, and agriculture). Humboldt learned that when “man did not disturb the course
of nature” (Wulf 2015, 66) her fertility could grow “luxuriant” (Humboldt [1808] 1850,
153), allowing animal and plant life to reproduce until “their mutual pressure” limited their
expansion (Wulf 2015, 67). Humboldt saw a “freer scope for the forces of nature to develop
themselves in the most varied forms of animal life; a freedom only circumscribed by
themselves” (Humboldt [1808] 1850, 12). Humboldt noticed how “the wild cries of
animals rung through the woods” as evidence of an “accidental, long-continued, and
gradually increasing conflict among the animals” until “the whole animal world is in a state
of commotion” (Humboldt [1808] 1850, 199, 200). He noticed how even the “lives and
growth” of plants was limited by a “competition for light and nourishment” in which some
species strangled others (Wulf 2015, 68). Humboldt did not see nature behaving as a
mechanism. He saw it behaving as an interconnection of life under a cyclical clash for
survival. The rainforest was as beautiful as it was dangerous, making Humboldt face his
own insignificance, but instead of demonizing that danger, he tried to appreciate it,
fostering “what we think of today as cross-cultural understanding” (Sachs 2006, 63).
Among such fertility, human death and death in general was not a brutality, instead, it was
just the last step within the most normal cycle of birth and decay.
After his encounter with the rainforest, Humboldt was drawn to the colder highlands of the
Andes and up to the summits, something that not even native people did. He attempted to
reach the summit of Chimborazo, the mountain that was believed at the time to be the tallest
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in the world. Replicating the rainforest experience, in the cold harshness of the mountain
Humboldt not only sensed his own fragility but he felt a sense of belonging and connection
to the universe that contained him, the mountain, and its many unexpected tenacious forms
of life.
When MM. Bonpland, Carlos Montufar, and myself, on the 23rd of June,
1802, ascended the eastern declivity of Mount Chimborazo, to a height of
19,286 feet, and where the barometer had fallen to 14.84 inches, we found
winged insects buzzing around us. We recognised them to be Diptera,
resembling flies, but it was impossible to catch these insects standing on the
rocky ledges (cuchilla), often less than a foot in breadth, and between
masses of snow precipitated from above (Humboldt [1808] 1850, 232-233).
Every-where—even near the ice-bound poles,—the air resounds with the
song of birds and with the busy hum of insects [. . .] living creatures have
been found even in these solitudes. On the Chimborazo, which is upwards
of eight thousand feet higher than Mount Etna, we saw butterflies and other
winged insects. Even if they are strangers carried by ascending currents of
air to those lofty regions, whither a restless spirit of inquiry leads the
toilsome steps of man, their presence nevertheless proves that the more
pliant organization of animals may subsist far beyond the limits of the
vegetable world. The Condor, that giant among the vultures, often soared
above us at a greater altitude than the summits of the Andes (Humboldt
[1808] 1850, 210).

The highlands allowed Humboldt to realize that climbing certain mountains in the
equatorial tropics was like walking from the equator to the poles because the bases of the
volcanoes were covered with vegetation while their summits were covered with “perpetual
snow” (Humboldt [1808] 1850, 233), and the equator was warm while the poles were icy.
The “vertical geography [of the volcano] mirrored horizontal geography [of the planet]”
revealing “climate as a unifying global force” in which overlaying climates defined and
conditioned specific zones of vegetation and animal life (Sachs 2006, 52).
In the tropics . . . on the vast surface of up to 4,800 meters, on this steep
surface climbing from the ocean level to the perpetual snows, various
climates follow one another and are superimposed, so to speak. At each
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elevation the air temperature varies only slightly; the pressure of the
atmosphere, the hygroscopic state of the air, its electrical charge, all these
follow unalterable laws that are all the more easy to recognize because the
phenomena are less complicated there. As a result, each elevation has its
own specific conditions, and therefore produces differently according to
these circumstances (Humboldt and Bonpland [1807] 2008, 78).

When one ascends from sea level to the peaks of high mountains, one can
see a gradual change in the appearance of the land and in the various
physical phenomena in the atmosphere. The plants in the plains are
gradually replaced by very different ones: woody plants decrease little by
little and are replaced by herbaceous and alpine plants; higher still, one finds
only grasses and cryptogams. Rocks are covered with a few lichens, even
in the regions of perpetual snow. As the appearance of the vegetation
changes, so does the form of the animals (Humboldt and Bonpland [1807]
2008, 76).

Finally, it was on the coast that Humboldt created his diagrammatic model of global climate
in a moment of inspiration and lucidity perhaps brought by the contemplation of the end of
his trip. While preparing to sail away from South America in the “port of Guayaquil, in
February 1803” (Humboldt and Bonpland [1807] 2008, 80), Humboldt probably was
inspired by a holistic feeling of unity with nature when on the warm coast, far away from
the cold highlands, he was able to contemplate the top of Chimborazo while listening to
“the underground groans” of another volcano of the highlands, Cotopaxi (Humboldt and
Bonpland [1807] 2008, 84). He condensed all his intellectual and physical experiences in
the sketch Einem Naturgemälde der Tropenlander or A Natural Painting of the Tropical
Landscape (figure 1), a diagrammatic model and the first model of climate. Humboldt’s
global view of nature and climate presented two challenges: its dimension was much larger
than the human scale, because it encompassed the entire planet, and the notion that
everything in nature was connected represented a level of complexity that exceeded human
comprehension. A model like the Naturgemälde reduced the scale to a size and format
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understandable by a human and simplified the complexity by condensing the large amounts
of data into a reduced format with the clearest expression. Among Humboldt’s work, there
was a constant search for ways to “speak to the senses without fatiguing the mind” while
“fixing the attention on a great number of important facts” (Humboldt 1811, cited in
Jackson 2008, 22). In his Essay on the Geography of Plants, Humboldt does not talk about
weather, only about physical climate, which he defines in terms of “the air temperature . .
. the pressure of the atmosphere, the hygroscopic state of the air, its electrical charge”
(Humboldt and Bonpland [1807] 2008, 78).

Figure 1. First sketch of the Naturgemälde. (Alexander von Humboldt (1769 - 1859). Geografía de las plantas cerca del
Ecuador. Tabla física de los Andes y países vecinos, levantada sobre las observaciones y medidas tomadas en los lugares
en 1799-1803, 1803. Acuarela (Acuarela y tinta / Papel). 38,7 x 50,3 cm. Colección Museo Nacional de Colombia, reg.
1204. Photograph by ©Museo Nacional de Colombia / Oscar Monsalve Pino).
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The diagrammatic model
Naturgemälde, a “grand picture of nature” (Humboldt [1808] 1850, 153), was an early
infographic image that depicted an out-of-scale picturesque image of Chimborazo, with
oversized vegetation, surrounded by columns and rows of information on both sides. Yet
this image could also be viewed as an abstraction of the world in cross section, from the
warmer and lower coast up to the colder highlands, and then to the very top of the world in
the summit of Chimborazo. The Naturgemälde was at the same time a cross section of the
equatorial tropics of South America and of the entire world from tropics to poles.
This image was the first time that climate and geography were shown graphically on a grid
of vertical and horizontal coordinates, each cell of the grid containing one unit of
climatic+geographical+biological data to be correlated. The reader could select certain
cells or point on the abstract mountain and follow the connections across the grid to learn
about “all the physical phenomena occurring on the surface of the earth and in the
atmosphere from the 10th degree of boreal [north] latitude to the 10th degree of austral
[south] latitude” (Humboldt and Bonpland [1807] 2008, 81). The following parameters
were addressed: air temperature, barometric pressure, humidity, electricity in the air,
blueness of the sky, light intensity, refraction of the atmosphere, chemical composition of
the atmosphere, reduction of gravity, water boiling point according to altitude, geological
considerations, limit of perpetual snow, distance at which mountains can be seen from the
sea, animal and vegetation diversity according to altitude, and soil (Humboldt and
Bonpland [1807] 2008, 78). These parameters were gathered in the equatorial tropics, but
the image allowed viewers to compare them against data from other parts of the world. For
Wulf, the Naturgemälde was the first time that such a large amount of interconnected
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scientific information belonging to different fields was condensed visually. For the first
time, climate as a global force was visualized; for the first time vegetation was not just
tabulated taxonomically, but also understood through its interdependence with climate and
place (Wulf 2015, 89). The artistic manipulation of the vertical and horizontal scales (x,y)
of the Naturgemälde was necessary to literally fit the sheet of paper, and to metaphorically
fit the mind’s eye; the vertical scale was respected while the horizontal one was reduced,
probably to enhance the visual beauty of Chimborazo. The selection of Chimborazo was a
representative sample due to its epitome of height, equatorial position, and emotional
attachment. The Naturgemälde was one of Humboldt’s “abstract attempts to convey to the
senses an otherwise only indirectly perceivable physical reality.” It was designed to
“register dynamic relationships or immaterial entities” (Dettelbach 1999, 481). This
transfer depended on one sense, sight, influencing the other senses through imagination.
To affect sight even more, back in Europe, Humboldt published the final version of the
Naturgemälde as a striking full color separated foldout drawing of around 80 x 50 cm
(figure 2) in his first book Essay on the Geography of Plants (Humboldt and Bonpland
[1807] 2008). Humboldt selected certain artists with the “rare talent” and “good taste” to
understand the essence of his sketch; the Austrian Lorenz Schoenberger and the French
Pierre Turpin drew the final version of the Naturgemälde (Humboldt and Bonpland [1807]
2008, 81), while the French Louis Bouquet did the engraving and watercolor (De Havenon
et al. 2014, 115). Art had a major role in Humboldt’s vision as a researcher of nature. Not
only was his first book’s main feature the diagrammatic model of climate and nature
Naturgemälde, but the German version of the book opened with an image of “Apollo with
his lyre unveiling a statue of the Diana of Ephesus: Poetry unveiling Nature” (Dettelbach
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1999, 501). “Poetry was necessary to comprehend the mysteries of the natural world”
(Wulf 2015, 129).

Figure 2. Photograph of a reprint of the Naturgemälde held close to volcano Chimborazo in 2017 ((Humboldt and
Bonpland [1808-1810] 1997); Photograph by author, 2017).

Humboldt experienced the equatorial tropics as a small-scale representation of the planet
(from tropics to poles). His Naturgemälde model reduced the scale even more, making it
portable and thus allowing many people to use their imagination to understand what
Humboldt found, hence simulating how nature and global climate worked. From the
twenty-first century point of view, this model seems obvious. However, many of the
original vast audience to which it was directed had never seen the tropics directly or even
been outside their local areas, and they had never seen an artifact like this drawing, which
allowed them to envision climate as a global force.
Adopting Duvall’s notion, the Naturgemälde presented an early environmental
categorization (Duvall, Butt, and Neely 2018) where climate and vegetation, among other
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variables, were characterized and compared in a grid. The chosen variables, which worked
together to condense a general law about nature, were selected by Humboldt according to
his bias and preferences. This can be seen as a reductionist approach that simplified reality
to enable generalization and produce universal knowledge about nature, because in reality,
there are considerable local differences in climate and vegetation that could not appear in
the abstracted zones of the Naturgemälde. If more complexity had been introduced into the
drawing, it would have been more difficult to convey as clearly the concept that vegetation
and animal life depended upon climate and place. Even though it was made from local
measurements, the Naturgemälde climate model was nomothetic (universal); it played a
role for public witnessing of a planetary belonging where humans were not the single unit
of measurement. This is a purpose very ahead of its time regarding the understanding of
nature and life; even now, people are just grasping the idea of belonging (Lanza 2007) to a
“living earth” in an expanding universe that neither is a machine nor had a divine creator
(Morin and Kern 1999, 33) and without any higher hierarchy for humans. The model is
paradoxical because despite revealing a new climate that was deeply connected with place
and life, it separated climate from place by making climate portable for the first time. The
climate evoked by the Naturgemälde was universal, so, the “idea” of climate as a global
system competed with the “experience” of local weather.
Humboldt’s Naturgemälde was meant to have a beautiful appearance, the striking image
of Chimborazo was a tool with three purposes: first, to attract unexpected people from
outside the natural sciences to the study of nature; second, to inspire unexpected
interpretations in the imagination of each reader; and third, to allow for an easier reading
of the textual and numerical information that supported the new concept of nature and
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climate. Humboldt wrote about his expectations for a model like the Naturgemälde,
thinking that if it “were capable of suggesting unexpected analogies to those who will study
its details, it would also be capable of speaking to the imagination and providing the
pleasure that comes from contemplating a beneficial as well as majestic nature” (Humboldt
and Bonpland [1807] 2008, 79). He believed that certain objects like the slopes or cones of
mountains and volcanos that could be covered by perpetual snow, volcanic fire, or petrified
shells were “capable of seizing our imagination and lifting us to the most sublime
considerations,” therefore, “by speaking both to our imagination and our spirit at the same
time, a physical tableau of the equatorial regions could not only be of interest to those in
the field of physical sciences [natural sciences] but could also stimulate people to study it
who do not yet know all the pleasures associated with developing our intelligence”
(Humboldt and Bonpland [1807] 2008, 79-80). So, despite systematizing many dispersed
local measurements in the most rational manner, the Naturgemälde gave more importance
to its aesthetic dimension, which aimed to replicate in the imagination tangible sensations
of climate and place. Naturgemälde is stochastic because its focus on beauty is a
mechanism that introduces random variables in the form of unexpected readers or readings
that could advance knowledge in ways that Humboldt as the modeler could never have
foreseen, because of his own limitations. It is also deterministic, in the sense that the
environmental categories that it defined had a strong influence around the world, in the
long run; climate zones are understood as something predetermined and causal, legitimate
and even unquestionable in the public perception. The Naturgemälde represented an
attempt to grasp the ungraspable of the universe, to reduce it to human scale, to see unity
in diversity, and to “suggest to the imagination the vastness of the terrain” and of nature
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(Humboldt and Bonpland [1807] 2008, 130). The Naturgemälde evidenced the belief that
there was a universal language of nature, which, being universal, could be measured in the
first place. Lines were traced through a two-dimensional physical space by the generation
of precise numbers, making quality of measurement fundamental; the final image of the
Naturgemälde, its final aesthetic produced by those lines, had a meaning to be read,
interpreting universality.
Humboldt was aware of the imperfections of a device like the Naturgemälde, but he was
curious about the breadth it was capable of, which proved to be important considering its
subsequent influence. Today, this model exists physically as first edition engravings that
are held as non-circulating materials in museums and libraries, it exists in new editions of
Humboldt’s Essay on the Geography of Plants, and it lives as virtual versions that can be
viewed in and downloaded, printed, and displayed from computers. The Naturgemälde is
still appreciated for its timeless beauty, and still has its original power to impact current
generations who grew up with images of the earth seen from space and who have
assimilated the idea of global climate introduced in 1807.
Second generation: Physical models of climate
This section argues that the second generation of models of climate appeared 150 years
after the Naturgemälde, in the form of two models that attempted to replicate physically
all climates of the world. The first one was a machine conceived by Architects Victor and
Aladar Olgyay in 1954, and the other one was a building conceived by Botanist Frits Went
in 1959. Where the Naturgemälde was intended to abstract and represent a new concept of
nature and climate, the second-generation models were intended for the more complex task
of simulating climate physically in order to control and change it. This section discusses
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the genesis of each model, their characteristics as physical models, and their subsequent
influence.
Humboldt did not construct climate, he found a geographic location that worked as a small
version of climate and shared it through the portable drawing of the Naturgemälde. In
contrast, the simulations of climate attempted in the second generation went beyond just
imagination and tried to construct climate physically. They went beyond revealing the laws
of global climate into trying to predict and control it, corresponding with the spirit of a time
faithful to science and technology, exemplifying architecture’s essence: to build. While it
is true that by the 1950s there were machines that could recreate individual meteorological
components; for instance, wind in airplane design or the movement of the sun and light in
architecture, these efforts did not attempt to physically simulate the entire phenomenon of
climate, as these models of the second generation did. Similar to what Humboldt did, these
physical models defined climate in terms of air: its temperature, humidity, and movement.
Both models were built at almost the same time, and both, independent of each other, were
called Climatron, from the Greek klima (climate) and tron (machine or instrument). One
was a machine built at Princeton University in an attempt to physically model all climates,
to test scale-model buildings inside it. It was first called a Climatron and then a
Thermoheliodon. The other was a building at the Missouri Botanical Garden that attempted
to physically simulate all climates, to study plant growth while allowing humans to
experience those climates. It still is called the Climatron.
Genesis of the Climatron machine model
After the Industrial Revolution, schools of thought appeared in the fields of architecture
and urbanism, each with a political position and a form of practice that regarded the design
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of space as a tool to solve social problems. From those forces, a number of architects
introduced the Modern Movement, which first appeared in Europe in the early twentieth century.

This architectural movement had an ideology, a methodology, a trust in industry and
technology, and a rejection of the past. It created a homogeneous built environment with a
new aesthetic that avoided traditional neoclassical, historical, eclectic, or Beaux-Arts
architectural styles in favor of an appearance based on glass, steel, plastic, and concrete.
The spatial organization responded to new arrangements that modern lifestyle required,
and machines such as cars and air conditioning were embraced, because they could liberate
people from both distances and the burdens of climate and weather. It is interesting that
despite Alexander von Humboldt’s influence and original aim to convey the understanding
that humans and nature were interconnected, in the first half of the twentieth century the
public mentality saw climate, weather, and geography as burdens that had to be controlled.
This consequently contributed to the creation of an urban life that was growing apart from
the natural world. While Humboldt’s name and work were not familiar topics for architects,
his legacy did influence architecture subsequently through the science of climatology. His
work on isothermal lines, published as a map in 1817, set the basis for the new science of
climatology (Munzar 1967) and influenced the field of bioclimatology, a subfield
concerned with the study of the physiological effects of climate on the living. The
Hungarian architects Victor and Aladar Olgyay, after migrating in the 1950s to the United
States, adapted bioclimatology for architecture, focusing on the particular effect of climate
on human beings. Thus, the design of buildings that could control that effect became of
great importance. The Olgyay brothers were advocates of the Modern Movement and
developed a complete method that would allow architects to design buildings using
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visualizations of climate data, a method that is used to this day. Indirectly and
unknowingly, they built upon Humboldt’s work through one of the branches of
climatology. Interestingly, Victor Olgyay’s published writings and archival material do not
mention Humboldt despite including other seminal names in climate research such as
Aristotle, Virgil, Macrobius, Sacrobosco, and Montesquieu (before Humboldt) or Köppen
(after Humboldt) (Olgyay et al. [1963] 2015, 3,6). It can be speculated that Olgyay’s lack
of awareness or acknowledgment of such a relevant figure in climate research was caused
by the “anti-German sentiment” that afflicted the United States around World War I and
eclipsed the Prussian’s work (Wulf 2015, 335).
After World War II, geography and climate had been relegated to a “minor design
influence” in modern architecture, which trusted that machinery like air conditioning could
solve any discomfort (Reynolds 2015, ix). However, the oil crisis between 1947 and 1948
“catalyzed anxiety over the future supply of energy resources for the growing American
economy,” giving impetus to research in alternative energies like solar technology (Barber
2013, 257). Related laboratories and research departments in universities were developed
or reactivated like the Massachusetts Institute of Technology (MIT) and the Solar Energy
Fund (Barber 2013, 264-275), or Princeton University supporting bioclimatic research in
its Architectural Laboratory.
From 1953 to 1963 (Barber 2017, 139), Victor and Aladar Olgyay worked at Princeton,
where they stressed the need to adapt architecture to local climate through the use of
meteorological data as the basis for design; the brothers eventually formalized bioclimatic
architecture as a “discipline within the field of architecture during the 1950s” (Arizona
State Univerity Library n.d.). Designing with the environment would produce buildings
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that were energetically more efficient and physically more comfortable for people. Victor
Olgyay felt that if only the organisms “which are in equilibrium with their internal and
external environmental forces” are the ones fit to survive; then “architecture should react
in a similar way, working with nature and with it express a truly regional architecture” (V.
W. Olgyay 2015, xix). This concern can be found in the brothers’ research from very early
on, as they studied the physical environment in its full complexity through separate
categories: “spatial, luminous, sonic, thermal or climatic, and animate,” focusing on the
climatic one (Princeton University 1956, 1). Is interesting to notice that the brothers were
talking about climate, not weather. Designing with climate raised some problems for them.
Climate was an intangible and dynamic entity that needed to be visualized first, and then
any design produced needed to be tested before construction, to be cost-effective. The
brothers researched methods to simulate climate, developing graphical tools like timetables
of average temperature, sun-path diagrams, sun-angle calculators, shading masks and the
bioclimatic chart. These graphical tools were not meant to allow interpretations; they were
conceived as precise calculation devices that targeted reason instead of imagination. Hard
data was more relevant than poetical interpretations. Still, these graphical tools were not
enough, so the Olgyays began to research machines and dials to simulate and understand
climate in more than two dimensions. Architecture relied heavily on building scale models
for design, so, having climate as a new parameter raised the challenge to model it. The
Olgyays’ Climatron laboratory machine was their ambitious attempt to physically model
climate in its entirety, an artifact that would enable them not only to identify the concepts
and mechanisms that generated patterns between climate and architecture, but also to
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predict the future behavior of the inner climate in buildings, and the thermal behavior of
materials too.
According to his personal files, contained now in the archives of the University of Arizona,
in March 1954, Victor Olgyay sketched a machine (figure 3) capable of physically
simulating climate through the control of its individual components: sun, wind, humidity,
temperature, and soil type (Victor Olgyay Collection, Box 3 Folder 4). A celestial dome
made of plastic would isolate a testing area containing a small version of climate in which
building models would be tested to predict the thermal behavior of their interior climate
(Princeton University 1956). Where the Naturgemälde was a simple abstraction of
something very complex, the Climatron machine was a complex mechanism to construct
that very same complexity. With the Naturgemälde, climate was simulated when human
imagination was involved; in the Climatron, the machine was the container and generator
of ephemeral physical simulations of climate. The simulated climate could not be touched
under the dome, which could be seen as the limit of the atmosphere. The thermal behavior
of the scale-model buildings would be measured through instruments under the dome, yet
interestingly, the transparent dome indicates that the simulated climate was meant to be
seen. Another interpretation might be that the building under the dome was significant for
its architectural idiosyncrasy, and that it needed to be seen despite the simulated climate
remaining largely invisible. Yet another interpretation is that the dome was made from
material available at the time that was transparent and reminiscent of the earth’s
atmosphere.
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Figure 3. Modified photograph of the original sketch of the Climatron machine from 1954 (Victor Olgyay Collection,
Box 3 Folder 4; Ursula Freire personal archive).

The Climatron had some partial predecessors, developed in the beginning of the 1930s that
modelled only individual components of climate. These included heliodons that simulated
the apparent movement of the sun for site orientation, wind tunnels to test roof shapes and
airplane aerodynamics, and artificial skies to test natural light. In contrast, the Olgyays’
machine was intended to simulate all components at the same time, generating climate.
By 1955, the National Science Foundation had paid 19,000 USD (Bolgard 1955)
(approximately 171,805.54 USD today1) to fund the Climatron but under a new name:
Thermoheliodon, Greek for “a vault for the heat of the sun.” The name change suggests
that the name “Climatron” might have set expectations for the machine’s capacity too high.

1

http://www.dollartimes.com/inflation/inflation.php?amount=19000&year=1955
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Instead of constructing and testing for all components of climate or weather, it was only
capable of doing so with temperature. However, for architectural purposes, climate was
understood mostly through temperature; hence, “Thermoheliodon” put the focus on
architecture, while “Climatron” put the emphasis on climate. The machine formerly known
as Climatron and now called Thermoheliodon, tried to be a physically coherent model built
from first principles. The Thermoheliodon aim, according to its technical report, was to
simulate “natural environments so that the thermal behavior of buildings may be tested on
a model scale” (Princeton University 1956, 3), an aim that ultimately would allow the
Olgyay’s to achieve four things. The first was to find the principles that governed the
relationship between architecture and climate, clarifying the “principles involved in the use
of the building shell itself as a modulating factor between humanly controlled and natural
environments” (Princeton University 1956, 6, 7). The second was to be a “teaching tool for
graphically and visually show the relation between architecture and climate” (Princeton
University 1956, 7). The third was to predict the future thermal behavior of buildings using
the “creative application” of the relationship between architecture and climate, obtaining
houses with “greater comfort and increased economy through the reduction of loads on
heating and air conditioning” (Princeton University 1956, 7). And the fourth was to
establish “a factual basis for the expression of artistic individuality in architecture.” The
brothers aimed to design useful and attractive houses by means of “balancing ‘human
qualities,’ such as emotions and aesthetic tastes, with ‘the discoveries of natural science,
engineering, and economics’” (Bolgard 1955). This last objective was a clear statement of
a desire to merge the objectivity of hard climatic data with the subjectivity of the creative
design process in architecture. The Olgyays were pioneers in doing “serious research into
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the ways in which solar forces and climate influenced the development of architecture, and
examination of the ways these factors could be channeled to improve building performance
as well to yield more intelligent formal design solutions” (Lyndon 2015, xx).
The first physical model of climate
The Thermoheliodon (figure 4) was composed of an instrument panel and a testing
apparatus, which were developed by the Olgyay twins with the help of Alfred E. Sorenson,
a professor in Princeton’s Mechanical Engineering Department (Bolgard 1955). After
World War I, a new plastic material called Plexiglas had been invented, and a dome made
from this material became the most representative component of the Thermoheliodon.
According to its technical report, the Thermoheliodon was mounted on a cylindrical base,
insulating an experimental area of 4 feet in diameter, with a sunken pan to be filled with
native soil. It had a mechanism of coils, ventilators, motors, and sensors to recreate each
meteorological component individually, to then be combined as needed under the dome,
and which taken all together should have simulated climate as a whole. Wind was simulated
by fans mounted under the base, while the Plexiglas dome allowed the recirculation of air
for heating and cooling. It used a motor that achieved wind velocities from 50 to 1,000
feet/minute with a 24-inch fan to circulate the air. The base rotated to obtain the desired
wind orientation from an air inlet and outlet made from corrugated Plexiglas. Temperature
fluctuations were simulated using independent groups of heating spirals (Princeton
University 1956, 8-12). Sun was simulated by an incandescent 5,000-watt bulb lamp,
which was mounted on a steel pivoting latitude ring forming a track for the sun’s path
outside the dome (Bolgard 1955). It used an electric motor to drive the sun around the ring
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and simulate any geographical latitude, month, and time of day. Diffuse sky radiation was
simulated with four 300-watt incandescent lamps (Princeton University 1956, 8-12).

Figure 4. Virtual construction of Thermoheliodon (Ursula Freire personal archive).

“Measuring instruments” were placed inside the building test models under the dome to
“determine what materials, shapes, shading, windows, heating and cooling units, and
directional orientation best maintain man’s comfort zone, 70-80 [Fahrenheit] degrees
according to biologists” (Bolgard 1955). This machine was succinctly described in
Princeton’s newspaper as a “Weather Maker” (Bolgard 1955). This is notable because of
the difference between weather and climate, suggesting that in the public perception
weather was more relatable and significant than climate, and also suggesting that the
phenomenon that can be constructed physically is place-based weather, not long-term
climate.
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This model, which was an epitome of physical simulation of climate in architecture, was
paradoxical, as it aimed to reattach architecture to the local area by divorcing its design
process from place and from the time cycle of nature (the basis of vernacular architecture)
to increase the rate of experimentation.
“The advantage of the model testing method is the independence of the
unforeseen changing factors of outdoors, hence varied model houses can be
observed under the same conditions and partial effects can be analyzed. The
abbreviated time element, and easily changeable model arrangement offer
the possibility of deriving conclusions about the effect which otherwise
would take years to observe” (Princeton University 1956, 6).
It also was modern architecture simulating climate with a state-of-the-art machine in an old
building with artificial heating, and—as a further paradox—the architect–scientists were
somewhat isolated, only being able to observe the experiment through the dome, but unable
to touch the artificially created climate or the native soil (figure 5). Even more, the climate
for which they were actually designing could have been anywhere in the world, but it could
not be felt even though it was generated inside the dome of the machine. The architects
could only rely on their weather-measuring instruments inside the scale-model buildings.

Figure 5. View of Thermoheliodon (Victor Olgyay Collection, Box 5 Folder 9).
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Regarding the influence of the Climatron/Thermoheliodon, by the 1960s, the project
stopped receiving funding and the machine was returned to the National Science
Foundation where it was dismantled. Climate turned out to be too chaotic and unpredictable
a force, hard to scale. Despite working well as a heliodon to simulate the movement of the
sun, “the internal climatic conditions could not be adequately monitored because of the
difficulty of scaling up the thermal capacity of materials—a small brick operates very
differently, in thermal terms, than a large brick” (Barber 2014, 8). According to Barber, the
Olgyays had difficulties with the complex calculations necessary to upscale the thermal
effects of materials from the model to full scale. They proposed constructing “identical test
houses in Princeton, Montreal, and Los Angeles, and to maintain constant data analysis of
these test sites as a means to constantly adjust their calculative matrix according to the
recent historical record.” The Olgyays were almost “longing for a numerical method to
predict a building’s [climatic] performance” (Barber 2014, 8).
Why was the original edition of the much older Naturgemälde preserved but not the
Climatron? One reason could be size; one was a portable piece of paper that could be easily
stored or reproduced, while in contrast, the other was a large machine that needed an entire
room. Another reason, perhaps more important, was that the Naturgemälde was meant to
evoke climate, while instead, the Climatron was meant to physically build and measure
climate, and as it never really worked, it was discarded. Nonetheless, the experience of
modelling climate did teach the Olgyays about climate’s patterns and behavior. In 1963,
after the loss of funding and after the death of Aladar, Victor Olgyay published Design
with Climate: Bioclimatic Approach to Architectural Regionalism, a tangible legacy of the
twins that explained all their work and experience with climate and their hopes of
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producing through architecture an ideal climatic zone in which man could develop his
potential to its fullest. The Olgyays were targeting generalization with their Climatron,
which in architecture meant that unintentionally they were taking local knowledge about
place and climate out of the process of design. The necessity of being on site was eliminated
by the Climatron, as it equaled a universal center of design, and the lived experience of
weather was ignored while attempting to reproduce every climate of the world.
It is interesting to note that the aeronautics and automobile industries were constructing
similar physical simulators focusing on wind, but those industries built 1:1 scale simulators
in entire buildings to test a design in reality. The Olgyay brothers did not attempt a 1:1
scale Climatron for three possible reasons. First, they may have designed it to fit the
building they were assigned at Princeton and used the Plexiglas dome that was available.
Second, because the use of scale-model buildings was a tradition so pervasive in the field
of architecture, they may automatically have designed the simulator for that size. And third
the cost of a 1:1 size Climatron may have been too expensive.
In a different part of the United States and in a field much closer to Humboldt’s, a 1:1 sized
climate machine was indeed being considered. While the Olgyay brothers were trying to
physically simulate climate with their Climatron machine at Princeton University’s School
of Architecture, the plant scientist Frits Went was trying to construct an unrelated
Climatron in St. Louis, Missouri. This was a building based on futurist architect
Buckminster Fuller’s geodesic dome; it was intended to be able to model any climate, to
study plant growth.
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Genesis of the Climatron building model
The Climatron building in Missouri began when the world-recognized botanist Frits Went
became Director of the Missouri Botanical Garden in May 1958 and decided to revitalize
the decayed garden through the replacement of its main greenhouse, built in 1912. He
hoped the new and improved greenhouse would allow the “precise scientific study of the
plant environment” (Mumford and Raven 2010, 19) while becoming a symbol for the city
of St. Louis.
There is a long history of human attempts to improve their climate by using glass and
greenhouses to increase human comfort and help plant growth. One of the oldest attempts
is the Roman heliocaminus, in Latin “sun oven,” which was a room covered with a thin
layer of mica that retained the heat of the sun, elevating the temperature (Butti and Perlin
[1980] 1985, 19). This concept was improved when the exploration of the New World
brought with it a desire to replicate exotic vegetation in the Old World; glassed greenhouses
started to proliferate in Europe by the seventeenth century. Greenhouses, hot-houses or
glass-houses evolved from purely functional agricultural spaces into elitist and luxurious
spaces of pleasure integrated in houses; though, their use declined after World War I (Butti
and Perlin [1980] 1985, 50-53). Frits Went became famous for developing the concept of
a new type of greenhouse, which instead of only relying on the passive heating of the sun,
could have its climate mechanically controlled. Went called this mechanical greenhouse a
phytotron, Greek for “plant machine,” and built the first one at the California Institute of
Technology (Caltech), in 1949 (Mumford and Raven 2010, 20). The architecture of the
first phytotron was considered unremarkable, a lesson that Went did not forget;
consequently, he searched for something noticeable to revitalize the Missouri Botanical
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Garden. Heating the temperature as the old 1912 greenhouse did was not enough, and
mechanically controlling the climate with air conditioning, as the phytotron of Caltech did,
was not enough either. Went decided to construct an ambitious building that could model
all climates of the world, “an experimental place for the ‘precise scientific study of the
plant environment,’ allowing different species to be studied under controlled conditions”
(Mumford and Raven 2010, 19). He imagined one large continuous space that could
“provide maximum natural daylight essential to plant growth with as few columns as
possible” (Mumford and Raven 2010, 20) where “at least four different climates” would
be replicated (Mumford and Raven 2010, 11). The geodesic dome of self-taught engineer
and designer Richard Buckminster Fuller’s was chosen as the best structural solution; such
a futuristic dome promised to “cost-effectively enclose the innovative new greenhouse
space” and even more important, it would be architecturally remarkable (Mumford and
Raven 2010, 20).
The architect Buckminster Fuller has been described as a poet, designer, architect, and
engineer, a “technocratic seer—a portentous prophet of the future who combined
technological utopianism with an undercurrent of mysticism” (Ghosh 2015, 2) with a
“planetary” attitude towards design that is reminiscent of Alexander von Humboldt’s
holistic vision. Fuller became noticeable by using his geodesic dome (the construction of
a sphere or semi sphere with a triangular, quadrangular, or hexagonal grid) to construct a
miniature earth in 1952—the Cornell University “Geoscope.” From the Greek for “Earth
watcher,” the Geoscope was a 200-foot or 60.48-meter diameter globe onto which the
continents were mapped and in which people could enter (Ghosh 2015, 2). Fuller not only
believed that the Earth was interconnected, as Humboldt did, but he took a bolder (and
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maybe overconfident) approach by arguing that the Earth as a whole “needed to be planned
and designed as a vast, information-rich network of flows and exchanges” going to the
extreme of “operating our planet Earth to the lasting satisfaction and health of all
humanity” (Ghosh 2015, 1). Humboldt researched nature and the cosmos, while Fuller
designed the planet. If Humboldt believed that humans were a part of nature as a whole,
Fuller believed contrastingly that humans could and should control and design nature and
the entire planet. Fuller’s geodesic dome was used to construct a mini earth in the
Geoscope. It was also central in imagining the “Dome over Manhattan, project,” his
theoretical scheme to control the climate of an entire area of the city under a 2-mile
diameter geodesic dome (Krausse and Lichtenstein 1999, 435). And, it was used to contain
a model of global climate in the Climatron building of St. Louis. It is interesting that while
“domed-over cities” used domes to keep the “unpleasant effects of climate” like “heat,
dust, bugs, [or] glare” outside (Krausse and Lichtenstein 1999, 434), the Climatron was
using a dome to recreate climate as real as possible under it; in both cases, the sun, moon
and sky, would be always visible from the inside, providing supposedly an “uninterrupted
contact with the exterior world” (Krausse and Lichtenstein 1999, 434).
Fuller’s Geoscope allowed people to see the earth from the inside out, the Climatron
machine of the Olgyays allowed people to see climate as a whole from above, and the
Climatron building was supposed to allow them to experience all climates.
The second physical model of climate
In the Climatron building (figure 6), sealed away from the seasonal climate of St. Louis
under a 24,000-square-foot (2,229-square-meter) transparent dome, a horizontal sequence
of “four district climates zones” was planned by Frits Went (Mumford and Raven 2010,
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41). From hotter to colder, there was the hot “Amazonian forest” from South America, the
“oceanic climate” of Hawaii, the colder “Javanese mountain mist forest” from Indonesia,
and the “Indian mountain and stream environment” (figure 7) (Mumford and Raven 2010,
41, 44). The air-conditioning system with exhaust fans and water sprays that would create
the climates and control them with early computers was designed by mechanical engineer
Paul Londe (Mumford and Raven 2010, 19). The Climatron building would not only
recreate the climate defined in terms of air (temperature, humidity, and movement) like the
Climatron machine did, but would also try to artificially recreate the climate zones where
specific vegetation grew as a result of certain altitudes, climates, and barometric pressures,
similar to the Naturgemälde. The focus was on climate, not weather.

Figure 6. Climatron building in 2016 (Photograph by author, 2016).
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Figure 7 Representation of plan and section of the Climatron with original four climates based upon the Journal of the
American Institute of Architects. May 1961 (Watterson 1961; Drawing by author).

In 1959, the Climatron building was commissioned to the local architectural firm Murphy
& Mackey (Joseph Denis Murphy and Eugene Joseph Mackey Jr.) (Mumford and Raven
2010, 16,17). These architects decided that the best material to cover the aluminum
structure of the dome (175 feet or 53.84 meters in diameter and 70 feet or 21.336 meters
tall) was Plexiglas, just as the Olgyay brothers used for their Climatron’s smaller dome.
Showing the versatility of this material, the dome of the Climatron machine was one single
piece, while the dome of the Climatron building was made of 4,000 individual pieces
designed in 55 different sizes to cover a grid of structural triangles on a spherical shape
(Mumford and Raven 2010, 29, 30). Frits Went had coined some names for the building:
plantosphere (sphere of plants), sylvarium (forest location), and floradome (house of
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vegetation), but, independent of the Olgyays, he chose the name Climatron too (Mumford
and Raven 2010, 41).
Went expected that his Climatron was going to be “something utterly different in beauty,
size, operation, and botanical possibilities” (Mumford and Raven 2010, 35). It became a
national success when it opened in 1960, and in 1976 it was declared one of the most
important buildings in American architectural history by the American Institute of
Architects, because it was the first geodesic dome greenhouse (Mumford and Raven 2010,
10, 11, 44). Nevertheless, despite the technology and design involved that was intended to
model all climates of the world, the Climatron building also never really worked. It became
a beautiful, mechanically controlled greenhouse that required energy and maintenance to
function. Still today, one can hear the roaring vents moving the air inside, a noise that spoils
the atmosphere of the only climate that the building simulates successfully, a rainforest. It
can be argued that all botanical gardens inevitable evoke a feeling of artificiality or even
fakeness that avoids or prevents the development of an intimate contact between people
and vegetation. In the Climatron building, that “fakeness” and lack of intimacy is
reinforced by the fact that not only plants, but climate too are controlled with the brute
force of fossil energy. Considered from the human perspective, the climate of Humboldt’s
Naturgemälde was evocative, the climate of the Olgyays’ Climatron was visual, and the
climate of Went’s Climatron was a sensorial replica. All models served projective thinking
at the scale of the planet, despite the Naturgemälde being a theoretical and diagrammatic
model and both Climatrons being physical models. The simulation focus in the
Naturgemälde and the Climatron building was climate and its relationship to vegetation.
In contrast, in the Climatron laboratory machine, simulating climate was secondary
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because the focus was to produce a simulation of the thermal performance of future
buildings. Both Climatrons failed in their attempt to model the reality of climate physically;
however, their endings were different. While the Climatron machine was disassembled by
the institution that paid for it, the Climatron building was renewed in 1990 and is still an
icon for the Missouri Botanical Garden. Both Climatrons had architectural and engineering
appeal, but the Climatron building was the heart of a public garden while the Climatron
machine was inside a university, where only a remarkably small group of people had access
to it. What Klein calls the “incestuous world” of science (Klein 2014, 227) might have
prevented the preservation of the Climatron machine. In contrast, the Climatron building
immersed thousands of different people in its artificial climate and rainforest.
Both Climatrons’ intended capacity to recreate any climate based upon local measurements
makes them idiographic models. Furthermore, the inclusion of native soil in the Climatron
machine, as well as the inclusion of native vegetation and the possibility of physically
entering the Climatron building, reinforces their local focus. However, they should be
classified as nomothetic models in the sense that they were tools to simulate precisely all
climates in a center of design/research, legitimizing off-site designs of buildings and
gardens. Both Climatrons used precise meteorological data to construct their simulations
and were created to fulfill useful purposes—to control climate and to control the effect of
climate on buildings and plants; therefore, they are rational models. Despite their obviously
rational purpose, both were made to be beautiful too. Both Climatrons furthered the
functional aesthetics of mid-twentieth century modernity, displaying the futuristic beauty
of the space age. It is notable that besides sharing a name, both models shared the same
morphology, trapping climate under a clean and light dome of plastic and metal; their
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beauty was a technical consequence of the development of transparent, moldable, and
strong plastic, a material that finally could recreate the thin line of the atmosphere. The
Climatron building was reminiscent of the planet seen from space, while the Olgyay
brothers photographed the Climatron machine in views that suggested the same view of
the planet, with the sun behind it. This shows an important evolution in the public
perception of the celestial dome that covered the earth. The Naturgemälde never showed
the limit of the atmosphere, from which it can be inferred that Alexander von Humboldt
was not placing himself above the dome. In fact, Humboldt argued that in order to see
nature as a whole, the division between “the heavens and the earth—the above and the
below in space” (Humboldt [1845] 1847, 72) should be united.
The efforts to model climate unintentionally made the universal and general more
important, a focus that eventually and perhaps inevitably placed human awareness above
the celestial dome. Both Climatrons were evidence of this new awareness, as they allowed
man to stand above the fragile limit of the atmosphere, while revealing the belief that man
could control climate and the heavens (figures 8 and 9). Both Climatrons attempted to
determine climate as precisely as possible with the use of complex mechanisms and minute
meteorological measurements, controlling all parameters of climate, and fighting against
the inherent randomness and chance of scaling the material world. They cannot be regarded
as stochastic models.
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Figure 8. Representation of Climatron building’s horizon (Drawing by author).

Figure 9. Photograph of Thermoheliodon with Morning “Sunrise” (Victor Olgyay Collection, Box 5 Folder 9).

Third generation: Numerical models of climate
This section argues that the third generation of models appeared in the fields of
meteorology and computer sciences almost parallel in time and space to the Climatrons,
beginning with an early computer model that attempted a numerical simulation of climate.
Since 1959, “virtual” has referred to something that is made to appear real by using
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software. So, the third generation consists of virtual models that were born from the need
to predict climate and weather, and that have evolved into tools for the analysis of the
environment, allowing architects and engineers to simulate the performance of a building
in a digital universe. Computers were used to study climate since their beginnings, because
it was an interesting mathematical problem. The idea of modelling climate numerically is
credited to the British mathematician Lewis Fry Richardson, while the idea of using
modern computers to calculate that numerical climate is credited to the Hungarian
Mathematician John von Neumann. This section discusses the genesis of the digital
climate, its characteristics as numerical and early interactive models, and its subsequent
influence.
Genesis of the digital climate
Beginning in the 1800s, dispersed weather measurements were collected under a network
based on the standardization of units, methods, tools, and techniques (Naylor 2006).
Meteorology was institutionalized, and new weather observatories (developed to measure
temperature, humidity, rain, sun hours, cloudiness, and atmospheric pressure) were
spreading. A network of stations measured local weather and later submitted the data to
centralized offices, where they were processed into charts to be used by networks of newly
professionalized sciences. Humboldt himself was a great advocate for the construction of
more meteorological observatories around the world to obtain more climate data and
contribute to a model of global climate.
For around a century, this system was most appropriate for recording the existing climate;
however, a major shift occurred in 1904 when the possibility of predicting climate was
proposed by Norwegian mathematician Vilhelm Bjerknes, who thought that it would be
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possible to predict weather (for agricultural uses) using mathematics and the laws of
physics (Roulstone and Norbury 2013). Bjerknes found fascinating the contrast between
the ancient precision of astronomical prediction against the radical inexactitude of nonnumerical methods of weather prediction because until then, the prediction of weather was
regarded as an art made by the intuitive interpretation of data (Dyson [2012] 2015, 226).
Around 1916, Lewis Fry Richardson, another mathematician without formal
meteorological training, continued this work by approaching weather prediction from an
original approach. Richardson began translating the physical laws of weather into a system
of mathematical equations; understanding weather as the state of the conditions of the
atmosphere at one point in time and place, defined by “pressure, temperature, density,
water content and velocity components eastward, northward and upward” (Lynch 2006,
16). Based on this, he calculated a rudimentary weather prediction by hand. Nevertheless,
Richardson’s most interesting contribution came in 1922, when instead of only using
abstract equations, he plotted them over space. He fantasized a “forecast factory” or
“weather theater” (figure 10), an imaginary building meant to be a scale model of the earth
to house in its interior 64,000 human “computers” to do weather calculation. He envisioned
the building as a circular hall like a theater, with galleries going around the room and with
an outline of the continents painted on the walls and ceiling. That outline would be divided
with a grid, so each computer person would be responsible for a small cell of the globe that
would receive climate data from a meteorological station in its twin real geographical
place. A man located in the center of the theater, would coordinate the computing, using
colored lights (Richardson 1922, 219).
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Figure 10. Representation of Lewis Fry Richardson's “forecast factory” (Drawing by author).

Richardson believed that the system in this theater would only be fast enough to keep pace
with the weather, thus modelling its present state, but in order to predict climate, the
computing speed would need to be faster than the data received. In 1807, Humboldt’s great
problem regarding climate was how to produce a great number of exact measurements in
a short time to reveal it as a dynamical force. Richardson’s problem evolved into how to
produce a great amount of computing in a short time to predict how climate was going to
behave. Nevertheless, Richardson’s weather theater reveals the same “planetary vision”
that Humboldt, the Olgyays, Fuller, and Went had previously developed with their models
of climate.
The numerical model of climate – big climate data
Environmental knowledge since the nineteenth century was based upon the collection of a
growing amount of data and information, and the models can be understood as efficient
tools to process that amount of data. The Naturgemälde was a device that merged data with
geographical visualization through space, just as Lewis Fry Richardson’s imagined
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Weather Theater did. The weather theater was a vision of a way to compute a massive
amount of global data, while the Naturgemälde aimed to communicate, display, and
compare data. The case of both Climatrons was different, because despite depending
heavily on climatic data, they did not use space to merge that data with geographical
visualization, they used data to replicate climate accurately in order to create something
new. What is important about this reflection is the role that data played in the development
of climate models because by the middle of the twentieth century, data was becoming big
in every field, there was a need for new methods to process it, and electronic computers
represented one of the most promising methods.
In the case of climate data, the World War II war effort expanded the meteorological system
with more local stations at ground level and new measuring balloons in the upper layers of
the atmosphere to help aeronautics. In addition, there was improved technology to
communicate data (NOAA 2007). Lewis Fry Richardson’s old problem about how to
produce a great amount of computing in a short time to predict climate found a solution in
its intersection with computer sciences. By 1950, the Hungarian Jon von Neumann
developed what is widely recognized as the first modern computer and constructed with it
a mathematical model of the atmosphere, proving it possible to predict weather numerically
(NOAA 2007).
Neumann was a mathematician from the University of Budapest, considered a polymath, a
genius, and a Universalist whose curiosity drove him to make groundbreaking discoveries
in various fields: mathematics, weapons, economy, games, computers, and weather control.
He made three contributions that caused the emergence of the third generation of models
of climate, which collaterally contributed to the decline of the second generation of
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physical models a decade later, and also contributed to a subsequent fourth generation in
personal computers in the 1990s. Neumann got interested in the potential of computers
during his work in the construction of the atomic bomb as a mathematical consultant. He
showed the experimental scientists the advantages of numerical models over physical ones
for solving problems that involved physical laws (which could be expressed with equations
that could be computed) (Nowak and von Neumann 1966), allowing the study of
phenomena that were too hard to be directly experimented with because of cost, size, or
accessibility.
Neumann translated his ideas into the first modern electronic-digital computer, a machine
capable of not only making numerical calculations electronically, but of having memory to
store programs and data. Older computers required that humans perform connections by
hand to run a program, hence limiting the amount of instructions that could be
programmed. In contrast, stored-program computers made it possible to program many
more instructions by describing a problem exactly and unequivocally through a finite and
small number of words in a simple language, to be translated into binary digits (0 and 1)
and stored in the memory of the computer (Nowak and von Neumann 1966). This computer
“broke the distinction between numbers that mean things and numbers that do things”
(Dyson 2012), creating an artificial new universe in which the 1:1 scale was possible.
Neumann’s prestige made computers stylish and sophisticated. He showed that instead of
engaging in tedious and expensive physical experimentation, it was possible and much
more convenient to do physics-based experiments with computers (Nowak and von
Neumann 1966). Climate attracted Neumann for two reasons according to Dyson. First, the
numerical problem of weather prediction was the perfect task to test and show the potential
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of the new computers. Second, the possibility of modelling climate might lead to predicting
and controlling it, which might be used as a weapon of war. Neumann received
governmental funding to assemble a group of theoretical meteorologists at Princeton with
the ambitious task of simulating regional weather, to then simulate the entire atmosphere,
which in turn, would allow climate to be modelled (Dyson [2012] 2015). The first 24-hour
weather prediction made by an electronic computer happened in 1950. Neumann’s
computer did what Richardson’s weather theater imagined, but in a fraction of its area and
almost without humans involved. The first computer produced a numerical model of
climate that was not visual; hence, it could only be read by trained researchers. Weather
prediction stopped being an art after 1958, when computers weather forecasts began to
increasingly improve (NOAA 2007). These new skills allowed computers to be used in
other fields; computer models began to be used more frequently than physical ones not
only in climate prediction, but also in architectural and engineering design. Regarding
weather prediction, after the 1960s, the weather calculation grid was covering larger parts
of the globe as four parameters kept constantly increasing: the power of computers, the
amount of climate data, the resolution of models (more and better equations), and the
human ability to interpret those models. By 1974, a global model for predicting storm
motion became operational (NOAA 2007); today, millions of meteorological observations
obtained from satellites are the daily input of global and regional models that predict
climate. Regarding architectural and engineering design, the apparently infinite
possibilities of computer models contributed to the decline of research in physical models
of climate in architecture. After 1960, financial funding and physical space ceased for the
Olgyays’ Climatron. Computer models became the numerical method to scale physical
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variables that the Olgyays longed for. Numerical models were the first ones that focused
on simulating weather in addition to climate.
Even though numerical models of climate are made from many precise local
measurements, and even though they can calculate climate as a whole with great exactitude,
they cannot be described as idiographic. Their complete separation from the physical world
makes them nomothetic. The pretension of universality of the previous physical models of
climate was finally achieved in the digital universe of numerical models. As Landström
claims, computer models became an entirely different way of making science because they
prevent any direct physical interaction with the natural phenomenon studied (Landström,
Whatmore, and Lane 2013). With the Naturgemälde, the phenomenon studied was being
evoked in the mind, with the Climatron machine the phenomenon could be seen through a
dome, and in the Climatron building, it could be experienced inside a dome. But in early
computer models, climate as a physical or evocative experience was fully eliminated.
Learning about climate through computer models happened by translating physical
processes into numerical codes instead of having a bodily interaction with the phenomenon .
Numerical models are rational, and even though their mathematical elegance is a kind of
beauty, they were not designed to be visually attractive or to produce tangible sensations.
Numerical models do not allow personal experiences with the phenomenon that is
simulated; they remove subjective moments of feeling. Consequently, numerical models
are deterministic, not only because they attempt to control every parameter, but because
they were designed to calculate every possibility, to avoid chance. Over time, computers
exponentially grew and spread into society and science after becoming increasingly smaller
and cheaper. They began to be perceived as stylish, sophisticated, and modern, while
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physical simulators became awkward and old-fashioned among industry, academia,
government, and the public.
Fourth generation: Interactive models of climate
This section argues that the fourth generation of models began appearing in the last decade
of the twentieth century and into the twenty-first, in the form of two interactive models of
climate that used personal computers in different ways. The first one was a model from
1994 that used software to display a three-dimensional climate through two-dimensional
screens, for architectural environmental analysis. This virtual climate combined the
exactitude of numerical models with the interactive display possibilities of the digital
universe accessible through desktops, laptops, and smartphones. The second was a model
from 2015 that physically simulated weather inside an ornamental lamp connected to a
smartphone, displaying in real time the climate of any location, the weather of tomorrow,
and even the mood of the user. The software climate model was made to predict and control
real climate, while the ornamental weather model was made to display its beauty.
Computer-aided climatic design
After the 1960s, there were no other attempts to physically simulate climate. In the
Missouri Botanical Garden, the Climatron building, despite not achieving its original
purpose, was successful as a mechanical greenhouse that produced just one tropical climate
to be experienced. At Princeton, research with the Climatron machine (Thermoheliodon)
stopped eventually for several reasons: funding disappeared as the impetus in climate
modelling shifted towards computers, the Olgyays’ climatic laboratory lost relevance at
Princeton, and “building standards and improvement in air conditioning systems made their
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innovations less amenable to market conditions” (Barber 2016, 143). In 1963, when Victor
Olgyay published Design with Climate, the twins’ philosophy found a medium to spread
their ideas inside and outside of academia, inspiring some new architects to continue their
philosophy and research. In the 1990s, the Olgyays’ climate model was attempted again,
this time using a personal computer (PC), creating one of the fourth-generation interactive
models of climate. This model merged the second and third generations by discarding the
physical modelling of the second but digitalizing its method in the interactive visual
interface of the PC. The third generation of climate models focused on predicting weather
numerically; in contrast, the second and fourth generations simulated climate to predict the
performance of a building under a certain climate.
As computer components “grew larger in number, they grew smaller in size and cycled
faster in time” (Dyson 2012); increasingly smaller computers were capable of
exponentially many more processes, and the miniaturization of components equaled less
cost and more movability. According to Dyson, punch cards and vacuum tubes evolved
into microprocessors. Computers changed from large-centralized computing facilities
(owned by institutions and corporations) with mainframes (software had to be written for
every task) and timesharing systems (where many people shared the use of one computer),
into the multipurpose PC for the individual use of a non-expert user (with access to
commercial packaged software ready to use) (Dyson 2012). The PC’s size, price, and
capacities made it a popular phenomenon around the late 1980s. That popularity exploded
to an even larger level in the 1990s with the increasingly expanding web of the Internet
connecting millions of PCs and smartphones. Thus, computers have evolved from
institutional machines conceived to calculate, into seductive machines that can do
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“everything” in a format so portable and interactive they are cherished almost as human
extensions.
In 1963, the year when Design with Climate was published, institutional computers were
“blind,” meaning that they required experts for programming and interpreting numerical
input and output, causing a written and belated exchange between man and computer.
People had “been writing letters to rather than conferring with [their] computers”
(Sutherland 2003, 17). Computers stopped being blind after a system of graphical input
and output was adopted. Computer systems like Sketchpad (from the Massachusetts
Institute of Technology [MIT]) were developed, making it possible for humans and
computers to converse rapidly using drawings. A computer drawing was different from a
paper one because computers provided “accuracy, ease of drawing, and speed of erasing,”
and the drawing systems provided the ability “to move drawing parts around on a computer
drawing without the need to erase them” (Sutherland 2003, 17). Computers gained the
ability to store graphical information, making it possible to go back and forth through the
evolution of the drawing, while reproducing any drawn symbol anywhere in the digital
universe using a click. Drawings could have properties to study relations (mechanical,
electric, or thermal). And most important, the “construction of a drawing” in the computer
was “itself a model of the design process,” assisting a user to obtain a nice drawing as well
a complete design (Sutherland 2003, 28). A computer drawing could also be a model if its
parts were endowed with the correct properties.
The combination of the PC with computer graphics opened a visual window into the digital
universe, creating the new discipline of computer-aided design (CAD). Design became
“about modelling the world in the computer . . . translating a portion of the world into terms
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a computer can ‘understand’” (Mahoney 2005, 128). CAD allowed computers to take
symbols and combine them to express representations of the world that have meaning to
people. What computer models do depends on how those portions of the world are
represented and then translated into actions, “so putting a portion of the world into the
computer means designing an operative representation [or a model] of it that captures what
we take to be its essential features (Mahoney 2005, 129). CAD allowed a system of
communication between man and computer in which the medium of conversation was not
letters or line drawings, but models. CAD began to be used by 1969 in institutional
computers and was further developed later for PCs. The CAD industry that appeared in the
1960s rapidly grew in the design fields, selling software for non-expert end users; by 1982,
Autodesk produced AutoCAD, the first CAD program for the PC with ready-to-use
software for 2-D and 3-D design. Despite being intended originally for engineers, it quickly
became widely used by architects and other design professionals.
The technological expansion wave detonated by John von Neumann’s computer and his
digital universe in the twentieth century was as powerful as the scientific expansion wave
detonated by Alexander von Humboldt’s global understanding of nature and climate in the
nineteenth century. When both waves collided through the PC and CAD, they allowed for
the organization of big environmental data, which could then be used to model the behavior
of natural phenomena. CAD inevitably changed the design habits of architects, which
evolved from the simulation of the dynamic behavior of buildings structurally, to modelling
their environmental behavior, after the dawn of global environmentalism in 1987 with the
World Commission on Environment and Development (Brundtland Commission) report
on the ecological crisis and the concept of sustainability (WCED 1987).
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Climate modelling in CAD was preceded by programs to model individual climate
components like the sun, wind, or light, but the fourth generation of models of climate truly
came to existence in 1994 when Andrew Marsh, a software designer, environmental
analyst, and architect from New Zealand made a “direct and explicit digitalization of the
Olgyays’ method” in a “building performance software” called Ecotect (Barber 2017, 156,
157). This program allowed architects to execute environmental analysis to predict the
climatic performance of a building in a user interface that evoked the Climatron machine.
The construction of climate in Ecotect was secondary, just as it was in the Climatron
machine, because its true objective was to obtain the climatic behavior of a new building.
Ecotect presented climate in separate components: thermal comfort, natural light, airflow,
and acoustic comfort (a new addition), that taken all together simulated climate. Ecotect
had access to big data about climatic components (geographical positioning, worldwide
sun, temperature, humidity, and wind) and materials properties (thermal mass, heat
transmission coefficients) that could be applied to computer 3-D models and produce
numerical and graphical results.
Thermal comfort and natural light depend on the movement and energy of the sun. The
movement of the sun could be calculated and simulated precisely as the Climatron did; but
Ecotect was able to numerically overcome the inexactitudes of the physical simulation of
the thermal behavior of buildings. An architect using Ecotect could, in the most early
design stages, quantify the thermal effects of a building’s orientation, its dimension, and
the position of openings and windows. Regarding airflow, Ecotect superimposed layers on
the building model in which the velocity, frequency, and direction of annual winds were
indicated; the software helped to determine the strategies for natural ventilation and wind
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protection for the building. Computational fluid dynamics (CFD) was used to simulate
wind and airflow, using equations that describe the movement of fluid substances like gases
and liquids. When CFD is translated into a graphical format, the movement of the fluids
can be perceived as particles that cross space. Still, there is a debate about whether or not
CFD is superior to physical modelling of wind. Some researchers argue that CFD offers a
more controllable and less inexact simulation of wind, while others claim that physical
modelling provides a less precise general effect, but that is precisely all that is needed for
architectural design, giving devices like the Climatron the advantage.
The climate simulation could be interpreted from the results that Ecotect presented in 2-D
graphs with a 3-D interactive virtual Climatron superimposed on the building models.
Numerical and graphical information were given at the same time, while the threedimensional models could be moved and turned around on the computer screen,
accompanied by a global geographical localization of the design site. With the Climatron
(Thermoheliodon), the architect had to move around the machine to see the model building
under the dome and had to read the values measured by his instruments. With Ecotect, the
architect could see all sides of the building model and its climate with one click, switching
instantly between graphical and numerical results. This allowed for visual communication
of the complex concepts of climatic design and large amounts of information to colleagues,
clients, and the public.
With the Climatron, the building model was visible while climate was largely invisible,
except for sun and shadow; one could only grasp climate (wind, temperature, and humidity)
through the numerical measurements produced by the instruments under the dome. In
contrast, Ecotect enabled the building and the climate to be visible or invisible as needed.

81

Humboldt’s effort to map an invisible phenomenon was taken one step further by Ecotect,
which not only enabled dynamic visualization of climate components, but also attempted
to “visualize sustainable design,” as its slogan claimed. The Olgyays were among the very
first to engage architecture with environmentalism and ecology; the digitalization of their
Climatron in the digital universe of CAD became a tool for sustainability within the
discipline of architecture and spread their climate model far beyond Princeton, using a
professionalized sustainability network that was built upon licenses and building
certifications. By 2017, Ecotect had been discontinued, making way for new cloud-based
simulators like Green Building Studio from AutoCAD. Even Andrew Marsh, Ecotect’s
creator, is offering cloud-based features and new applications or apps (figure 11), working
towards simpler and more accessible climatic simulators and analysis tools for architects
and the non-expert public.

Figure 11. Andrew Marsh’s Sun path app (Marsh, andrewmarsh 2015) launched on a smartphone, displaying
virtualization of the Climatron (Photograph by author, 2017).
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Ecotect and Marsh’s apps share with other mapping software like ArcGIS a capacity to
display meteorological, “geographical, geological, infrastructural, and temporal
information”; they all are a “scalable device for visualizing what we now refer to as big
data” (Ghosh 2015, 2). Fuller’s Geoscope, Humboldt’s Naturgemälde, and Lewis-Fry
Richardson’s imaginary weather theater could each be considered “pre-digital prototype of
mapping software” (Ghosh 2015, 2) attempting to merge climatic data and geographical
visualization through space. Ecotect went one step further by allowing the ability to design
within that geographical, climatic, and architectural digital universe.
SketchUp is a multipurpose 3-D modelling software similar to Ecotect, being reminiscent
of the Climatron, yet was marketed to design professionals as a software that could provide
“the joy of drawing by hand” and would allow to “make sustainable buildings” to “change
the world” (Trimble Inc 2019). CAD software was and still is expensive; SketchUp offers
the possibility of free download of its basic version and a slightly more natural interface.
The desire for a return to nature filled the atmosphere of a millennium addicted to
computers and their virtual worlds; environmentalism became fashionable, people wanted
to “feel the real,” which meant finding ways to escape from technological and urban
constrains.
Tempescope
Ecotect and other 3-D modeling tools had discarded physical modelling in favor of
digitalization and the use of interactive visual interfaces. The Tempescope, the second
example of a fourth-generation model, reintroduced the physical component. This
interactive computer model was driven more by desires of experiencing—of sensing and
appreciating—climate variables than of measuring and using them as data. According to
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his website (accessed February 27, 2019), software engineer Ken Kawamoto, who explores
ways to bring together the virtual and real worlds, was looking for ways to experience the
tropical skies in his daily life inside an urban apartment in Tokyo. To do so, he created the
Tempescope, Greek for “weather watcher” (figure 12). A promotional video on the website
for the Tempescope stated that it was a “physical display that can simulate various weather
conditions inside your living room”. Tempescope began in 2013 as an open-source project
(no license software) that did not reach mass production after an unsuccessful
crowdfunding campaign in 2015. The Tempescope was designed to construct different
meteorological components, like rain, clouds, snow, or lightning, inside a glass box similar
to a lamp. It was designed to recreate the climate of any location in real time by connecting
through the internet to world weather networks or to personal weather stations that are
installed in homes and contribute to building weather maps at a smaller scale (Kawamoto,
et al. 2012). This device did not attempt to build climate precisely, it only replicated
weather roughly, attempting to recreate its general visual effect. The device was controlled
by an open-source electronic prototyping platform that was meant to enable users to create
interactive electronic objects. It also enabled a bottom-up approach to development; even
non-expert users could improve and develop coding and the mechanisms to construct each
climate component. It could run in “World Weather” mode, which reproduced the current
weather of any location or in “Tomorrow's Weather” mode, which modeled a weather
prediction. The possibility of physically simulating any present or future climate allows
this device to “cut out the sky of your favorite place and put it in the room at your preferred
time. You can get the weather forecast from the Internet and put the sky of tomorrow at the
front door” (Kawamoto, et al. 2012).
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Figure 12. Tempescope screecaptures from web site (Kawamoto, et al. 2012)

The Tempescope was an interactive computer model that controlled a physical model of
climate in order to trigger emotional reactions from people in addition to offering purely
practical uses. Its development revealed a desire to bring a piece of climate and weather,
thus nature and experience, into a largely urban context that feels artificial, crowded, and
senseless; and a desire to share that natural reality with loved ones who are physically
distant. The glass box still isolated climate and weather from people, but the inclusion of
emotional applications for climate modelling is its most interesting aspect: “you can share
the sky with families who live far away” (Kawamoto, et al. 2012).
Even though both models from the fourth generation are interactive, they have important
differences. First 3-D models (like Ecotect) created for computer-aided climatic design are
nomothetic, while the interactive and physical model of the Tempescope was idiographic.
Second, the software climate model is fundamentally deterministic, while the Tempescope
was stochastic in its effort to channel unexpected uses and readings. Finally, the software
climate model is rational and precise while the Tempescope’s weather was ornamental and
aesthetic, affecting the senses and emotions. Software-generated climate, despite using a
huge number of local measurements to construct climate precisely, is not idiographic
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because of its abstraction. For climatic modeling, software tools like Ecotect and SketchUp
have become the quintessential tool of universal design as they enable and legitimize offsite design by designers who lack firsthand experience with a place. In contrast, the
Tempescope was designed to show a personal experience of climate, creating different
“scenes” in one’s daily life, allowing glances of weather, being synchronized in real time
with another location’s sky, sharing the users’ sky with distant loved ones, and
synchronizing the weather to the user’s mood. In addition to using weather as an ornament,
the Tempescope used weather as a language of communication that materializes human
emotions. The Tempescope’s focus on experiencing weather instead of controlling climate
represented a return to the local and tangible from the universal and abstract in modelling
climate since its genesis in the Naturgemälde. Second, because of being rational and
quantifiable, climate software is deterministic, fighting against randomness. The
Tempescope was stochastic in a similar way to the Naturgemälde. Both aimed to affect the
imagination in unexpected ways, as well as to reach unexpected viewers. Third, climate
software is capable of producing very precise simulations of climate at a 1:1 scale in the
digital universe, making it a rational model. In contrast, the Tempescope used the same
global standardized climate data, which is precise and minute, to construct an imprecise,
approximate, and rough physical model of weather. While both Climatrons and the
software in Ecotect needed to simulate each climate component very precisely to control
and design with them, the Tempescope only needed to suggest certain weather components
because its goal was to achieve an aesthetic reaction in viewers. So, while climate software
simulates the “rational” quantifiable components of climate like temperature, humidity,
wind, and sun radiation, the Tempescope simulated the sublime qualitative components of
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weather such as thunder, clouds, mist, light, and rain. In comparison, temperature and
humidity, despite being inescapable and long-term, do not have the immediate power to
frighten or amaze people that storm, thunder, and lightning historically have had.
If the Naturgemälde was a grand picture of nature and climate in paper, the Tempescope
was an intimate sculpture of weather made under a transparent square box. The
Naturgemälde included climate and weather components; the Climatrons, the thirdgeneration numerical models, and software like Ecotect only focused on climate
components, and the Tempescope focused on the most beautiful weather components.
There were other differences. Both Climatrons had public and private financial support,
while in comparison the Tempescope was one man’s initiative in need of a practical and
economic solution. The Climatrons and the Tempescope both isolated climate and weather
from people, although their different shapes reflect the different contexts of the physical
models of the second and fourth generations. The Climatron’s dome was a modern and
futuristic shape in the 1950s while by the end of the century, a simple box was perceived
as a more elegant solution. Climate software also displays a three-dimensional climate that
cannot be touched, even though it can be turned, twisted, seen, manipulated, and even
virtually walked into. The interaction with software-generated climate is limited by the flat
screen of a computer. Immersion is impossible; its aesthetic concern depends on sight, via
the numerous visual display options. The Tempescope’s aesthetic goal was to affect the
emotions, to be perceivable by the mind and the senses as a scale model of the beauty of
climate. After almost 60 years during which the focus was on utilitarian purposes, the
interactive and physical Tempescope represented a return to the original motivation that
began climate modelling in the first place—to understand climate through feeling; a
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nostalgia to touch climate in an age increasingly moved by the desire to return to nature
and moved by the Damoclean fear of climate change. Andrew Marsh’s visualization as a
celestial hemisphere is strongly reminiscent not only of the Olgyays’ Climatron, but of
certain sun path diagrams and sun simulators that were fundamental to the bioclimatic
method. Then, should the Olgyays be regarded as the first ones to visualize the space of
climate as a celestial hemisphere? Not really, because the notion of a celestial dome
precedes even Humboldt. However, the Tempescope ignored the hemisphere, and
visualized the space of climate and weather as a box.

Conclusions
This section explains the conclusions obtained from reviewing four generations of climate
models, to include the role of these models in the study of climate, the value of models of
climate for architectural practice, and the ways in which models of climate and weather
could be improved in the future to become truly useful for architecture.
The role of models in the study of climate
All models of climate reveal that people have been using the concepts of weather and
climate interchangeably, and as models are partial representations of reality, a diversity of
models has to be made in order to achieve a more complete picture of reality. The
Climatron machine or Thermoheliodon was called “weather maker” by the public, and the
Tempescope or “weather watcher” claimed to forecast weather in a “beautiful responsive
climate display,” illustrating public confusion in the perception of climate and weather,
which are not the same. Climate is defined as long-term, average weather conditions, while
weather is the state of the atmosphere at one moment and place. Weather is immediate and
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tangible, whereas climate is an abstracted average that is indirectly tangible. This
interchangeability reveals that the understanding of climate as a global system that involves
the atmosphere, oceans, and the land is a rather recent concept, with only two centuries of
existence compared to thousands of years of experiencing weather that can be felt in its
physical manifestations of rain, sunshine, or breezes. Weather is closer to the perception of
people. The difference between the meaning of weather and climate is stronger in
languages like English, German, or Hungarian, but in Spanish, the word climate is used for
both meanings, therefore, for a Spanish-thinking person, the interchangeability of both
concepts can be less evident.
Despite their pretensions, no model of climate is capable of being absolutely universal;
they are all conditional on their context and their modelers. Each generation simulated a
different part of the reality of climate; therefore, only by reading all of them together, can
one get a more complete understanding of climate that combines the concept of climate as
a global system, climate and weather as quantifiable components, and weather as an
aesthetic experience. This conclusion is applicable to all models: in order to obtain a more
complete understanding of certain aspects of reality, many models from different modelers
are needed.
The value of models of climate for architectural design
Climate as a phenomenon has a different architectural value than models of climate have.
Historically, climate has been a design determinant of the utmost importance, and today,
helping to solve climate change through energy-efficient buildings has become the
architectural challenge of our time. Although models of climate have not historically been
essential for architecture, they have become fundamental for the field since climate began
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to be modelled. Climate models have an interesting potential to innovate the way in which
we design buildings. Models of climate are recent additions to the field. Their 60 years of
use pales in comparison to more than 2,000 years of local architecture that managed to
design with climate and produce very creative buildings all over the world without the aid
of models. The appearance of models of climate coincided with the rise of the industrial
world with its mechanical control of climate and with the decline of local architecture
adapted to climate in the twentieth century, making models of climate instruments of the
modern world to bring climate back into architecture.
The ways in which models of climate could be improved in the future to become
truly useful for architecture
Models of climate for architecture have reached an important level of precision. To
innovate the field going forward, weather should be modelled as well. In addition, new
models of climate and weather should try to focus on being more stochastic, idiographic,
and aesthetic. Since the Olgyays, architecture has been modelling climate with physical
and interactive models because that is what it needs to use or protect a building from the
climate (long-term average weather conditions) of a place. Consequently, a building is
designed neither for weather extremes, nor for single weather events. Average long-term
climate as a design determinant has an inherent utilitarian use, and modelling it legitimizes
designs that are made off site by architects who lack firsthand experience with the specific
location and its climate. Modelers should attempt to model not only climate, but weather
too, because if the role of models of climate was to understand global climate and precisely
simulate it; then, the complementary role of models of weather would be to reconnect the
design process with the experiential and aesthetic dimension of climate. In a way, Ecotect
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and both Climatrons were capable of modelling weather, but the explicit motive for each
was to construct all climates of the world based upon long-term averages. However, even
the name Thermoheliodon suggests that the Olgyays realized they could not construct
climate or weather, just temperature and sun radiation. We already have the technology to
simulate climate with increasing precision, hence weather too. Therefore, what should be
changed is the approach to simulating weather. Instead of a more deterministic, rational,
and nomothetic model of weather, the field needs to explore more stochastic, aesthetic, and
idiographic models of weather.
Stochastic
For architecture, models of climate and weather can become truly useful only when they
escape the determinism of the prior models examined, meaning that a successful model
would embrace a more stochastic approach in which the modeler cedes control of some
parameters. Models can be less controlled in two ways. More attention could be paid to the
beauty of climate in order to produce an emotional reaction in the audience even though
that would mean sacrificing the precision of the model. In addition, computing logic will
not get climate models more reliable by itself; the modelling needs to feed from physical
experience. Physical simulations of climate make less controlled models, not only because
of the technological complexity of this task, but because sensorial experience can produce
unexpected human interpretations. If models are “representations of . . . reality based on
human choices about which variables to include and exclude” (Duvall 2011, 499) and if
that data is chosen depending on “what an investigator regards as important” (Inkpen 2005,
102), then a stochastic approach would involve chance by including a random variable in
the parameters upon which a model is made, overcoming a researcher’s bias and
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paradoxically making a model more real. The deterministic quality of all the models I’ve
looked at—including the Naturgemälde—means that these are all less than real. Despite
its determinism, the Naturgemälde welcomed chance by being designed to attract
unexpected people outside academia and outside the natural sciences, thanks to its beautiful
look. The Climatron building and the Tempescope also included randomness, through the
unexpected interaction of users with them. Even computer models are affected: “stochastic
modelling will be the only way to develop predictive tools” (Szokolay 1998, 129). For
example, there are algorithms that replicate the mechanisms of “throwing dice” to
introduce parameters in a model. Both Climatrons are evidence of the difficulties of
constructing climate physically, while the Climatron building and the Tempescope allowed
physical interaction between humans and climate. Therefore, beauty and physical
experience can make models of climate more stochastic because of their capacity to include
random variables that can influence imagination, emotions, and interpretations in
unpredictable ways.
Idiographic (local)
Making models local for architectural uses means to focus on simulating weather, not just
climate, and to include physical simulations. Since the Naturgemälde, models have focused
on constructing long-term climate, producing knowledge that is predictable and applicable
everywhere. In architecture, this allows design to be done off site. The Tempescope was
the first model that intentionally attempted to simulate weather, while the Climatron
building simulated weather unintentionally. The Olgyay brothers created an entire method
to design buildings with climate that was based on long-term quantifiable meteorological
components, allowing them to reduce the buildings’ consumption of energy. However,
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their method did not include components of weather that were unique and qualitatively
experienced. Weather models could benefit architectural design by including sensations,
emotions, memories, or values, creating projects that besides achieving the universal ideal
could add something unique through intimate local knowledge of weather. In addition,
architectural models could become more local by attempting to make a physical simulation
of climate, whether that physicality is achieved inside ornamental artifacts or by immersing
designers in different types of weather. Researchers are trying to introduce physicality in
computer models through two lines of investigation: first, by studying human senses in
order to stimulate them artificially with virtual realities; second, by continually redesigning
computers, which, for example, keep fitting more comfortably into our hands while
connections keep getting invisible with Wi-Fi, Bluetooth, and other waves that transmit
information. In order to adequately expand the potential of climate modelling, architects
should combine experience-based knowledge with the universal skills of a scientist or
architect. Climate modelling is not just an exercise in imagination. All design fields related
to climate need to apply the physical and sensorial dimension of climate to improve its
modelling. Imagination and physical simulation are needed equally, that is why computing
logic alone will not get climate models more reliable. The modelling needs to feed from
evocation, imagination, and the physical experience of climate. Smartphones can take
advantage of this combination; they can be regarded as portable climate simulators that can
be taken into the real climate, immersing people in the experience of place. Smartphones
can also be used to measure local climate and weather with apps, and they can be used to
record the emotional responses of researchers through photographs, which are evidence of
the subconscious emotional impression that something has on a person. For example, a
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photograph of people around a bonfire or chimney, or under a shaded courtyard, can be
correlated to the weather measurements taken inside and outside those places, showing the
ways in which people interact with climates.
The experiences that led to the conception of the Naturgemälde were formed by
Humboldt’s original concern that his effort to measure nature was stopping him from
immersing completely in it. The act of measuring could prevent an experience that could
be sublime, cause wonder, or move the emotions. That is why that first model of climate
tried to reach a balance between aestheticism and rationality with an evocative and abstract
drawing. Expert science produces universal knowledge through analytical tools, data, and
models. In the design fields like architecture, there is a type of expert design that is based
on expert science, such as the work of the Olgyays, focusing on data acquisition through
analytical methods and making choices based on rational arguments and evidence, which
allows for planning and predicting outcomes. This formalized expert design based on
models suffers the paradox of allowing only the rational side of knowledge production to
flourish, developing our intellectual thinking and providing us with specialized knowledge
in a particular sphere. The subjective side of designers and researchers becomes ignored
and disconnected. On the other hand, local knowledge is an intimate knowledge that comes
from a profound sense of familiarity with climate, place, and people. It allows for the
inclusion of the place-based side of designers and researchers, it means belonging and
having an identity, and it is full of unspoken and implicit ways of knowing and loving one’s
place.
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Aesthetic
For architectural uses, future models of weather should give the greatest emphasis to
aesthetics. All the models discussed in this article reflected the aesthetics of their times,
but the Naturgemälde, the Climatron building, and the Tempescope were purposefully
made to display the beauty of climate. Designing with quantitative elements like
temperature, humidity, wind, and sun radiation is obviously practical, producing a building
adapted to climate in the long term; however, such a building ignores the creation of unique
and intensely beautiful moments of weather that could be achieved by designing with more
qualitative meteorological components like mist or storm. Weather has a physical
dimension composed of sights, sounds, tastes, smells, and textures that cannot be truly
abstracted conceptually or numerically. One might ask how a building could change, if the
architect purposefully tried to intensify or highlight the beauty that meteorological
components can display, such as the sound or view of thunder, the mysterious mist of
certain mornings, gentle rain, or breezes. These components cannot be predicted or
measured as easily as average climate. However, if they are considered from an aesthetic
point of view, they can inspire new solutions from a designer. Examples include
incorporating something that produces melodies while the water falls through it, designing
houses that use the sound of thunder to produce music inside, using wind-bells, and
creating gardens, oases, and hearths with heat and warmth. The beauty of climate is always
connected to some other sense besides just sight. If a designer focuses on intensifying the
beauty of a climatic component, it opens the possibility for unexpected interpretations that
will innovate the built environment.
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ARCHITECTURAL INSIGHTS FROM EARLY DRAWINGS OF
CLIMATE AND WEATHER: NATURGEMÄLDE, ISOTHERMS,
CLIMATE PORTRAITS, AND THE BIOCLIMATIC CHART.
Abstract
This article examines early drawings of climate and weather that subsequently and
indirectly influenced design tools in architecture, as they contain valuable philosophical
insights for contemporary architecture. It makes a comparative analysis of the following
images: the Naturgemälde (1807) and a set of isothermal maps (1878 and 1848), both done
by the Prussian naturalist Alexander von Humboldt (one of the most important intellectuals
of the nineteenth century), climate portraits, and the bioclimatic chart (1954) made by
Hungarian architect Victor Olgyay (a seminal bioclimatic architect of the mid-twentieth
century).
The images were analyzed using Humboldt’s concepts of “appearance” and “precision” as
modes for digesting these complex and compelling drawings. These concepts had their
inspiration in disciplines such as chemistry, cartography, botany, and philosophy, from
authors such as Johann Wolfgang von Goethe, Friedrich Schelling, Antoine Lavoisier, and
Tobias Mayer. Primary sources were original written works, first editions, non-circulating
archive material, and visits to places of inception; these were consulted in tandem with
secondary scholarly works.
The analysis showed that climate and weather drawings were made possible by and through
merging art with science or quantitative facts with qualitative interpretations; an interplay
between beauty and exactitude that made it possible to render the invisible forces of nature
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and convey to a broader audience new knowledge about an interconnected nature and
climate. Over time, climate images with an emphasis on exactitude such as isothermal maps
moved into architectural discourse, acquiring a role as arbiters of architectural quality.
However, the analysis shows that climate images should be developed with an emphasis
on appearance, imagination, and beauty too, if they are to become truly useful for
architectural design. In this way, architecture could be brought closer to nature, while
environmental responsibility and affection towards climate and nature could be developed
in designers. The complex, dynamic, multidimensional, and sensorial experience of climate
could be drawn into architecture in new ways by taking inspiration from Humboldt’s
understanding of science that appreciates subjective interpretations, emotional responses,
and sensorial richness. Two approaches are suggested: personal experience and
interpretation (complementing isotherms with evocative texts and images about the
ephemeral experience of climate), and immersion (exploring climate through sensorial
experience and making conscientious records about it).

Introduction
I like air structures because the major structural element you can breathe
and it smells of violet and you can’t draw it (Price Cedric 1984, cited in
McLean and Silver 2015, 5).
Climate and weather are not the same. Since the nineteenth century, climate has been
accepted as “the total experience of the weather [temperature, humidity, rain, sun radiation,
or wind] at any place over some specific period of time” of around 30 years (Lamb [1982]
1995, 8), while weather as “the state of the atmosphere at a given place and time” (Fleming
2010, 6). Because of this, representing climate and weather in two dimensions becomes a
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paradoxical challenge for two reasons: they are under constant change and sometimes they
are invisible. In the first paradox, climate and weather are dynamic, intangible, and
constantly changing (in a spatial and chronological sense), making it difficult to capture
them in a still image. In the second paradox, essential components of climate and weather,
like temperature or humidity, are felt with all of the senses, not just sight; therefore,
capturing these physical sensations in images is problematic. Because of these paradoxes,
images of climate and weather can be incomplete in the sense that they inherently will
leave out sensorial, spatial, or chronological information.
The efforts to draw climate and weather began in the early nineteenth century with the
work of an important figure in environmental history, the Prussian natural scientist
Alexander von Humboldt (1769-1859), who developed two innovative images of climate
and weather: the Naturgemälde, which in 1807 introduced the idea of climate as a global
system, followed in 1817 and 1848 by isothermal maps, which mapped the true “shape” of
climate. Both images are abstractions that detach the idea of climate from its physical
experience in place, separating climate from weather.
In the mid-twentieth century, when architects began their efforts to design with climate,
they created design tools based upon the logic of isothermal lines. Relevant images were
the climate portraits and the bioclimatic chart made around 1954 by seminal bioclimatic
architect, Hungarian Victor Olgyay. Images like these addressed the first paradox about
capturing the dynamic behavior of climate and weather in time and space; however, they
did not resolve the second paradox because they couldn’t make visible certain sensorial
information. Because these images persist in contemporary architectural approaches to
designing with climate, it was relevant to examine them, as they contain valuable
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philosophical insights. The examination was made using Humboldt’s concepts of
“appearance” and “exactitude” as measuring tools for representing climate. The
conversation about these concepts shows the debt owed to Humboldt’s thinking to the work
of Johann Wolfgang von Goethe, Friedrich Schelling, Antoine Lavoisier, and Tobias
Mayer. This exercise led to the conclusion that the role of climate drawings is to legitimize
the quality of a design; however, these images could become truly useful for architecture
if they were also capable of visualizing the sensorial richness of climate and weather. To
do so, they should be developed with an emphasis on appearance that includes
interpretation of personal experience and immersion in climates and weather.
This article is structured in four sections. The first one begins with a cursory explanation
of Humboldt’s scientific identity between empiricism and romanticism, to then define his
concepts of “exactitude,” “appearance,” and “comparison.” Using largely secondary
sources, “exactitude” is explained in the context of the ideas and methods of the chemist
Antoine Lavoisier to understand the true nature of air and the cartographer Tobias Mayer
to map the temperature of the air using many precise and dispersed measurements. Then,
based upon selected original texts, “appearance” is explained using the ideas of
poet/scientist Johann Wolfgang von Goethe about the relationship between mind, art, and
nature, and of philosopher Friedrich Schelling about nature as a holistic organism. Finally,
“comparison” is explained with a description of Humboldt’s method based upon the
aforementioned influences and a reliance on identifying and making evident analogies in
nature.
The second section explains the genesis and development of the Naturgemälde and of
isothermal maps, analyzing their appearance and exactitude, as defined in the previous
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section. In the case of the Naturgemälde, its beautiful appearance was more important than
its graphical precision because it had to convey to the public the complex and novel concept
of climate as a global system that involved vegetation, atmosphere, and land. While
contrastingly, the rendering of each isoline that composed the isothermal maps was a direct
result of their precise method (plotting dispersed local measurements over two-dimensional
surfaces).
The third section makes the disciplinary and chronological leap to climate portraits and
bioclimatic charts, climate drawings that were early design tools in architecture. Because
these images are based on the logic of isothermal maps, the essence of their image is a
result of their precision. The analysis of the Naturgemälde, climate portraits, and
bioclimatic charts was based on original written works, first edition samples, noncirculating archive material, and visits to their places of inception.
The last section contributes with conclusions regarding the role that drawings of climate
and weather have acquired in architecture, and the ways in which such drawings could be
improved in the future to become truly useful. Besides improving climate drawings for
architecture by increasing their exactitude (more precise measurements), what could be
truly innovative for architectural practice would be to develop design tools that solve the
second paradox of climate representation—visualizing the sensorial richness of the
climate. This could be achieved in two ways: first, by complementing isotherms with
evocative texts and images about the ephemeral experience of weather (personal
experience and interpretation), and second, by exploring climate through sensorial
experience and making conscientious records about it (immersion).
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Exactitude and Appearance
This section introduces the work of Prussian scientist Alexander von Humboldt, who
developed seminal knowledge about climate and nature using a research approach that
balanced an empiricism based upon measurements and experiments with sensibility and
aesthetics. This section argues that the notions of exactitude and appearance embody the
essence and tension of his balanced approach. Exactitude was influenced by the work of
chemist Antoine Lavoisier (1743-1794) and cartographer Tobias Mayer (1723-1762),
while the preoccupation with appearance was inspired by poet Johan Wolfgang von Goethe
(1749-1832) and philosopher Friedrich Schelling (1775-1854). These notions contain
valuable philosophical insights for the current problem of representing intangible
phenomena like climate and weather in a discipline like architecture, with its artistic
idiosyncrasy.
Alexander von Humboldt, in addition to being “one of the most influential public
intellectuals of the nineteenth century” (Zimmerer 2006, 335), has become one of the most
famous scientists in the world, largely because of his “irresistible impulse to the acquisition
of different kinds of knowledge” in “apparently . . . separate branches of science—
descriptive botany, geology, chemistry, geographical determinations, and terrestrial
magnetism” and his constant effort to “discern physical phenomena in their wildest mutual
connection, and to comprehend Nature as a whole, animated and moved by inwards forces”
(Humboldt [1845] 1847, xvii, xviii). According to Romanowsky, there are three opinions
about the approach that Humboldt took to carry out his research (Romanowski 2008). The
first one sees him more as a Romantic (sublime aesthetics of nature); the second sees him
more as an Enlightened man or rational empiricist (measure and calculate nature); and, the
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third places him in between both approaches, as “an Enlightened man of science in whom
concern for exact measurement was balanced by, and co-existed with, Romantic idealism
and sentiment” (Sachs 2003, cited in Romanowski 2008, 181). “[T]o Humboldt, aesthetics
complemented rationality” (Nicolson 1990, cited in Romanowski 2008, 181); “in
Humboldt’s work, sensibility and precise measurement cannot be separated” (Dettelbach
1999, 475); and “Humboldt’s pictorial science” (Romanowski 2008, 157) are all scholarly
expressions that describe his balanced approach. Even Humboldt recognized how “a
twofold point of view” about nature guided his last book, Cosmos: A Sketch of a Physical
Description of the Universe (published in five volumes between 1845 and 1862). “I have
sought to represent [Nature], first, in the pure objectivity of external phenomena, and, next,
as the reflex of the image received through the senses on the mirror of man’s inner being,
his ideas and feelings” (Humboldt [1850?] 1851, 3). Therefore, throughout Humboldt’s
work since his first publication in 1807, the notions of “appearance and exactitude” are
revealed as “two conflicting interests,” key to understanding nature as a whole, and climate
as a unifying force (Humboldt and Bonpland [1807] 2008, 81).
Exactitude
In the first volume of Cosmos: A Sketch of a Physical Description of the Universe,
Humboldt acknowledged that “in conformity with the character of [his] former writings,
as well as with the labours . . . during [his] scientific career, in measurement, experiments,
and the investigation of facts, [he] limited himself to the domain of empirical ideas”
(Humboldt [1845] 1849, 58). It can be argued that throughout his work, exactitude had two
meanings. First, it referred to measurements, experiments, and the investigation of facts,
but second, it had a graphical meaning, in which to be exact meant to draw facts in their
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real form at all scales. In the first meaning, nature was such a “great chain of causes and
effects” that “no single fact can be considered in isolation,” the only way to progress its
study was by “individual studies and by connecting together all the phenomena and
productions on the surface of the earth” (Humboldt and Bonpland [1807] 2008, 79). That
connection had to rise “above…mere delineation, and…sterile accumulation of isolated
facts” (Humboldt [1808] 1850, 375). Humboldt saw connections in nature and between
disciplines, developing his “habit of viewing the globe as a great whole” (Sachs 2006, 52).
To him, it was “important to examine the differences and similarities without ever losing
sight of the whole” (Wulf 2015, 32). The second meaning refers to drawing facts in their
true form. By considering the shape or structure of something independently of its material
composition, the difference between form and material becomes clearer in things that are
solid and tangible, but there are other physical phenomena in nature in which separating
form from material becomes harder because they are intangible and dynamic; constantly
in motion. In Humboldt’s work one can find both subjects of study: “substances or forces”
(Humboldt [1845] 1849, 38). These include solid and tangible parts of nature such as
plants, animals, or rocks, but also intangible forces like magnetism or temperature. The
visualization of such forces was an important part of his work, in order to reveal nature as
an animated unity.
Consequently, Humboldt developed a method that achieved both objectives—to organize
facts, and to represent their true form. This method was influenced by the views and
techniques of French Chemist Antoine Lavoisier and cartographer Tobias Mayer
(Dettelbach 1999). Lavoisier’s systematization and use of instruments to make precise
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measurements were merged with Mayer’s mapping of perceivable but invisible physical
phenomena.
Antoine Lavoisier belonged to a group of scientists concerned with the discovery of the
true nature of air, one of the four classical elements (dry earth, moist water, hot fire, and
cold air), which were regarded as material substances or bodies. However, air was peculiar
because its existence had to be inferred from the perception of senses other than sight, such
as touch (for example feeling wind) or smell (for example smelling miasmas or scent of
flowers), because of the gaseous, transparent, and colorless qualities of air. According to
Ramsay, this “led, in past ages, to the notion that air possessed a semi-spiritual nature; that
its substantiality was less than that of other objects more accessible to our senses.” He
further explained how the Greek and Latin words for blow, spirit, pneuma, gust, and ghost
are remnants of this notion (Ramsay 1896, 2). Flame was regarded as having “the same
semi-spiritual, semi-material nature as air.” The question of why a “burning candle was
extinguished if placed in a confined space” didn’t have an answer, so, the study of
combustion went along with efforts to understand the nature of air (Ramsay 1896, 4).
Ramsey’s work indicates how the study of air progressed from philosophical speculations
to experiments with certain types of air (fixed, mephitic air, phlogisticated and
dephlogisticated) that led during the second half of the eighteenth century to the discovery
of the true components of air: carbon dioxide was discovered by Joseph Black (Ramsay
1896, 47,48); hydrogen by Henry Cavendish (Ramsay 1896, 119); nitrogen by Daniel
Rutherford (Ramsay 1896, 67); and oxygen by Carlo Wilhelm Scheele and John Priestley
(Ramsay 1896, 68). Then, came the work of Lavoisier with his seminal book Traite
Elementaire de Chimie (1790), which was important not for novel discoveries, but for
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systematizing what already had been discovered about air. For Ramsey, Lavoisier is “a
master mind, not only capable of devising and executing beautiful experiments, but of
assimilating those of others, and deducing from them their true meaning” (Ramsay 1896,
117). This allowed Lavoisier to reform the “cumbrous” nomenclature used in chemistry
(Ramsay 1896, 115), “disproof the phlogistic theory” (Ramsay 1896, 117), and create a
“system of representing the phenomena of combustion” (Ramsay 1896, 146). The scientific
discovery of the true nature of air had significant implications because afterwards, air
ceased to be “a mysterious element, possessed of ‘chaotic’ properties,” becoming instead
the simple mixture of some gases (Ramsay 1896, 146). The quantitative composition of
the atmosphere was discovered, and the serious science of chemistry was born from the
discredited pseudoscience of alchemy.
Alexander von Humboldt contributed to the study of air directly, carrying out experiments
to calculate the exact proportions of oxygen and nitrogen in 1804 (Ramsay 1896, 146-147).
Nonetheless, as early as 1791, Humboldt was influenced by Lavoisier’s application of
quantitative reasoning to the sciences, and his use of “algebraic chemical equations,”
“coupling of precise measurement with analytic reasoning” and “precise instruments to
precise language” (Dettelbach 1999, 477). Humboldt adopted and improved (by increasing
exactitude) instruments used in “chemistry and thermometry.” For example, besides using
barometers and thermometers during his first research voyage in 1799, Humboldt improved
a repeating circle (an instrument that measured angles with two telescopes mounted on a
scaled axis) by attaching magnetized needles to it (Dettelbach 1999, 477). Consequently,
Lavoisier’s influence can be found in Humboldt’s systematization of dispersed knowledge
about nature and use of instruments to make exact measurements of nature.
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Tobias Mayer, an astronomer, cartographer, and cosmographer, belonged to a group of
scientists that observed the temperature of the air instead of its composition. From Forbes
work, it can be extracted that Mayer was measuring the temperature of the air for
astronomical reasons, not meteorological ones (Forbes 1980). Investigating the
phenomenon of refraction and its quantitative relationship with the density of the
atmosphere considering “thermometric and barometric variations” (Forbes 1980, 35),
Mayer developed a method to estimate the motion and perturbations in the orbits of planets
and the moon that was based on defining average positions. This method allowed for the
discovery of complicated movements. By 1755, he used this method to estimate an average
temperature for each region of the Earth. Because Mayer’s method was based on
continuously averaging many measurements, it was very important to increase the
exactitude of those measurements. Therefore, reducing instrumental error became an
important preoccupation of his, for developing new instruments and improving existing
ones (Forbes 1980, 36-37). Humboldt was inspired by Mayer’s instrumental precision as
well as by his method of drawing lines over space based on local and precise measurements,
mapping physical phenomena like temperature with isolines (equal lines obtained from
small precise measurements). Maps made of isolines should be regarded as
“demonstrations (as pictures, hieroglyphs . . .) of the universality and naturalness of
Nature” (Dettelbach 1999, 486).
Exactitude, understood as mapping, as averaging, as instrumental precision and as
systematization, allowed Humboldt to map the true form of forces like temperature,
magnetism, and climate that were invisible but perceivable and which instead of having
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“one single cause or a central force” were the result of many variables (Humboldt 1817,
cited in Dettelbach 1999, 482).
Appearance
Nature and art seem each other to flee,
Yet, each finds the other before one can tell;
The antagonism has left me as well,
And now they both attract me equally.
(Goethe, quoted in Richards 2002, 469,470)
Humboldt’s ideas on appearance were influenced by two men: poet/scientist Johann
Wolfgang von Goethe (1749-1832) (Jackson 2008, 5) and natural philosopher Friedrich
Schelling (1775-1854) (Wulf 2015, 129).
Johann Wolfgang von Goethe believed that the inseparability of art/science and
imagination/empiricism served to answer how beauty was created by nature (genesis of
forms) and how that beauty affected people (beauty’s impression) as explored in his books
Metamorphosis of Plants (1790) and Theory of Colours (1810).
Goethe’s formulation: “The beautiful is a manifestation of secret laws of nature, which
without its appearance would have remained forever hidden” (Goethe, cited in Richards
2002, 470) evidences his interest in understanding how nature created beautiful forms. In
this context, Goethe outlined the “genetic 2 method” to investigate “the diversity of physical
forms . . . [and] the underlying unity from which they emerge” in particular in his botanical
work (Goethe and Miller [1790] 2009, 105). This method can be described as a
philosophical strategy that shifted between the “cognitive faculties” of “understanding”
“The term genetic here refers not to the science of genes, but rather to seeking the origin or genesis of
things” (Goethe and Miller 2009, 105).
2
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and “reason.” Understanding was science using “rational thinking” to study fixed forms in
a fragmented way, while reason was “poetic sensibility” using “intuitive perception” to
study living formative processes in a holistic way (Goethe and Miller [1790] 2009, 111).
Goethe’s genetic method encompassed “both understanding and reason, attempting to unite
the two for their mutual benefit—joining science and poetry” (Goethe and Miller [1790]
2009, 112). Merging both faculties would allow Goethe (and others) to go beyond the
“material surfaces of the natural world” and be part of nature’s creative process in a more
spiritual way, something that not only might reveal nature’s secret, but could release “new
powers of [the] mind” (Goethe and Miller [1790] 2009, 112). Nature’s secret was its unity
from which all physical forms emerged. For Goethe, all organisms were formed and
obtained their “purposiveness” by an interaction between their initial standard forms and
the external environment that shaped them (Richards 2002, 445).
Goethe’s second belief about how beauty impacted people led him to research color as a
pictorial problem and a physical, chemical, and physiological phenomenon (Calvo
Ivanovich 2014, 94). “Nature herself must be present to the reader, either really, or by the
help of a lively imagination” Goethe argued. “Explanation and description could not then
fail to produce a lively impression” (Goethe [1810] 1840, xxvii), meaning that if
experiencing nature in reality produced an impression on the mind, then, an evocative
medium like drawings could replicate that impression through imagination. Color and its
effect on the eye were necessary to understand in order to produce a drawing that would
successfully become a window into natural sensations.
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According to Calvo, quantitative Newtonian physics explained color optically, 3 only as an
objective and measurable element. Goethe argued instead for a qualitative physics to
interpret the experience of color not as mathematics, and for an observation of nature that
considered colors not as natural science but as philosophical knowledge that comes from
artistic practice (Calvo Ivanovich 2014, 96, 97). The description of a rose exemplifies
Goethe’s conflict. What in Newtonian terms would be reduced to “a group of sub-atomical
particles with a regular color red,” would ignore its “essence and beauty” (Calvo Ivanovich
2014, 97; my translation). The poet John Keats made a similar critique, using a rainbow
instead of a rose. He blamed Newton for destroying a rainbow’s poetry after “reducing it
to a prism” (Wulf 2015, 38). Responding to this conflict, Goethe suggested a “combination
of subjective and objective experiments” with colors (Goethe [1810] 1840, 147); subject
was the “individual . . . the beholder,” and object was “all that is without him” (Goethe
[1810] 1840, 1).
Friedrich Schelling became Goethe’s protégé in 1798 after Goethe was impressed by
Schelling’s ideas about the relationship between the self and the world. The text First
Outline of a System of the Philosophy of Nature (1799) evidences Schelling’s earlier period
in which he reflected about understanding “nature as a whole,” “organic life and its
relations to the inorganic” (Peterson 2004, xiii), organisms, and between a system of nature
and a system of thought.
Understanding life was a challenging subject of study by the end of the eighteenth century,
trying to define what constitutes organic phenomena (nourishment, organic growth, self-

Isaac Newton had published his treatise about Opticks, or a Treatise of the Reflections, Refractions,
Inflections, and Colours of Light in 1704 (Calvo Ivanovich 2014, 96)
3
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maintenance, and self-reproduction) and inorganic matter. For Schelling, there were two
contrasting scientific viewpoints that attempted to answer those questions: “reductionism
and vitalism” (Kabeshkin 2017, 1181). Reductionism argued that an organism was
completely determined by the external material forces of its environment, and both the
organism and those forces were chemical processes (Kabeshkin 2017, 1190). Vitalism 4
argued contrastingly that organisms were not simply passively determined by their
environment, they were capable of actively struggling with that environment (through
actions like “maintain constant temperature . . . decompose, reconstitute, assimilate
materials”) (Kabeshkin 2017, 1190) thanks to some sort of immaterial inner “vital force”
(Kabeshkin 2017, 1191). Schelling’s reflections about life and nature existed in between
these viewpoints, proposing that an organism actually was dual, being determined by the
struggles with its environment and determining its environment at the same time. This
reflection then was taken to a higher level because Schelling was proposing to see all of
nature as a product of its environment and a productive force at the same time. Schelling
suggested that life processes like nutrition were “itself the end, and sustains and reproduces
itself” (Kabeshkin 2017, 1192), a reasoning that can be applied to life itself: life being the
end of life, sustaining and reproducing itself. Schelling was suggesting that nature instead
of being the “sum of ready-made things” was “infinite productivity” (Kabeshkin 2017,
1188), that nature should be investigated not as an “object,” but as “subject” or
“autonomous productivity” (Peterson 2004, xxv), and that an organism had the capacity
for “self-reproduction,” meaning that it constructed itself after mediating with the external

In his early botanical work Florae Fribergensis around 1793, Alexander von Humboldt explored vitalism;
however, he abandoned this position by the late 1790s (Kabeshkin 2017, 1184).
4
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world through its own activity (Kabeshkin 2017, 1196). Schelling identified a “universally
omnipresent but virtual power” that united everything in nature, whether organic or
inorganic (Peterson 2004, xxxii); a unified vision that was needed as humans were
developing a distant and instrumental relationship and depiction of nature. He argued for a
“philosophy of nature” that could view “universal nature [as] a whole, a living organism”
in which “every individual . . . is an expression of this whole” (Peterson 2004, xxxii). In
Ideas for a Philosophy of Nature, Schelling also argued that “the system of Nature is at the
same time the system of our mind” (Schelling 1797, cited in Peterson 2004, xix), a
statement that suggests that both the self and nature are similarly or complementarily selfconstructing and autonomous entities. Where an organism perpetually self-reproduced
itself, the mind, the me or the I, was capable of a similar “eternal act of self-consciousness”
that appeared “objectively [in Nature] as eternal becoming, and subjectively as infinite
productivity” (Schelling 1800, cited in Peterson 2004, xix). Thus, a unity between mind
and nature becomes evident, as they reveal themselves as expressions of the same power:
a capacity to infinitely produce and reproduce themselves.
As long as I myself am identical with Nature, I understand what a living
nature is as well as I understand my own life; I comprehend how this
universal life of nature reveals itself in the most manifold forms, in
measured developments, in gradual approximations to freedom. However,
as soon as I separate myself, and with me everything ideal, from nature,
nothing remains to me but a dead object, and I cease to comprehend how a
life outside me could be possible. (Schelling 1797, quoted in Peterson 2004,
xx).
Because of this, he regarded “that scientific understanding and artistic intuition did not play
out in opposition to one another” but were “complementary modes of penetrating to
nature’s underlying laws” (Richards 2002, 469); not only that art opened the self while
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science opened nature, but that art opened nature for the self. In contrast to Goethe’s
reflections on the impact of beauty, Schelling wrote interesting insights about how the
process of artistic creation helped to understand nature. For Schelling, “genius” appears in
science as well as in the “aesthetic realm,” as “aesthetic intuitions might probe more
deeply, might lead more surely to new discoveries in science than could the plodding,
tradition-bound studies” (Richards 2002, 470).
In this context, the poet-scientist appears as a figure capable of uniting the external world
of nature with the internal world of the self. Based on Schelling’s assumption, a
“complementarity of scientific and aesthetic judgement” would be justified because “the
poet, through creative genius, could compose those works that would have the authority of
nature herself . . . And reciprocally, the aesthetic might lead us to nature’s concealed laws,
to those archetypes according to which nature creatively expressed herself” (Richards
2002, 470).
Some philosophical insights that Goethe and Schelling shared manifested themselves in an
image that Goethe developed by 1810, the “chromatic circle” (figure 1), which was meant
to allow the comprehension of his entire color doctrine in one single image, yet recognizing
the limitations of an image of this kind, recognizing the “constriction” or “narrowness” of
the circle against the “freedom” of observing nature (Calvo Ivanovich 2014, 99; my
translation).
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Figure 1. Representation of Goethe’s chromatic circle (Drawing by author).

The chromatic circle reflected some fundamental dualities found in nature, which
connected color with the self. Within light/shadow, warm/cold, and active/passive, the
chromatic contrasts of nature had an equivalent in man’s character: goodness/evil,
warm/cold heart, and energy/melancholy. Colors were also correlated with degrees of heat.
A “difference in the excitation of warmth exhibits itself to the attentive observer,” Goethe
said, the “yellow and the yellow-red . . . produce a higher temperature than the blue and
blue-red” (Goethe [1810] 1840, 267), defining the chromatic polarities of “plus and minus”
or “active and passive” (Goethe [1810] 1840, 276). The active side had qualities of yellow
(accompanied by red and orange): action, light, brightness, force, warmth, or proximity
that opposed the passive side qualities of blue (accompanied by green and violet): negation,
darkness, weakness, coldness, or distance (Goethe [1810] 1840, 276). These “qualities do
not therefore destroy each other” according to Goethe, “for if in this intermixture the
ingredients are so perfectly balanced that neither is to be distinctly [recognized], the union
again acquires a specific character; it appears as a quality by itself in which we no longer
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think of combination” (Goethe [1810] 1840, 277). This means that dualities are ideal
opposites that complement each other; they create something new in which the original
parts or states or qualities disappear. Paradoxically, unity appears from contrast, a lesson
that is valuable to contemplate when looking at Goethe’s original preoccupation with the
ways in which nature creates beauty and then how that beauty impacts people. This logic
can even be applied to Goethe’s original duality of art/science or imagination/empiricism,
which would be ideal opposites, and in their contrasting combination exists the possibility
to discover knowledge about nature that is whole and has a sense of unity. Neither art nor
science could be perceived anymore, they would merge into one product that helps to
understand nature. Finally, the circle also carries Goethe’s allusions about the role of line
against color. Line (“the formal element by excellence”) was associated with “rationality
and exactitude,” while color was associated with “expressions of the visceral, the festive,
and the sensible” (Calvo Ivanovich 2014, 99); his doctrine restored color as an aesthetic
resource key to understanding a visible world built upon from masses of color, not lines
(Calvo Ivanovich 2014, 99).
Humboldt’s view of appearances shows the influence of Goethe and Schelling. For
example, the need for contrasting dualities can be found in Humboldt’s recognition that the
sublime and terrible sides of nature were equally necessary, because they could uplift the
spirit as well as diminish and threaten the body. It was also seen in his suggestion to study
the general beauty of large masses of vegetation instead of just focusing on each individual
organ or specimen. “Where vegetable forms occur in large masses, the outlines and
distribution of the leaves, and the form of the stems and branches lose their individuality
and become blended together” (Humboldt [1808] 1850, 221). Their individual components
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were united in one element, or as well, their mass of color had a stronger impact than their
individual lines. These notions, combined with Goethe’s belief about the impact of beauty
on people, are reminiscent of Humboldt’s idea that nature has a general beauty that
produces a “total impression” on people; that impression has a “character of individuality”
according to different places or districts on the planet (Humboldt [1808] 1850, 221).
However, there is one additional component that Humboldt added to his view of
appearance: the use of art to deliver natural science to the masses. Appearance, for him,
was a catalyzer of subjective interpretations to understand nature beyond its material
surface and a medium to replicate that impression of nature in people’s imagination. It was
a common language to reach more people, and it condensed more facts in less space to
convey complex concepts. A more precise image was more abstract because any
unmeasurable quality ended up excluded from it, while a more beautiful figurative and
evocative image reached the reader emotionally, with both cases producing incomplete
replicas of nature.
Comparison
Humboldt’s balanced approach guided his work since his first book in 1807, the Essay on
the Geography of Plants, which included the notions of exactitude and appearance. His
second book, Views of Nature, or, Contemplations on the Sublime Phenomena of Creation
(1808) complemented the more empirical and factual Essay by sharing his personal
interpretations about the appearances of nature. Finally, Humboldt expanded his holistic
explanation of nature to the entire universe in his last publication, Cosmos: A Sketch of a
Physical Description of the Universe. The first volume of Cosmos included two
introductory sections that were dedicated to both sides of the balanced approach, one
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explaining the “degrees of enjoyment to be derived from nature,” and the other, “the
limitation and scientific mode of treating a physical description of the universe” (Humboldt
[1845] 1849, xii). Even the word Cosmos was chosen to suggest the “widely-extended
horizon” of his approach (Humboldt [1845-1852] 1849, 50). The “word Cosmos which
primitively . . . indicated an idea of order and harmony” (Humboldt [1845] 1849, 51) was
used by Humboldt as “the assemblage of all things in heaven and earth, the universality of
created things constituting the perceptible world” (Humboldt [1845] 1849, 53).
It is by a separation and classification of phenomena, by an intuitive insight
into the play of obscure forces, and by animated expressions, in which the
perceptible spectacle is reflected with vivid truthfulness, that we may hope
to comprehend and describe the universal all . . . in a manner worthy of the
dignity of the word Cosmos in its signification of universe, order of the
world, and adornment of that universal order. May the immeasurable
diversity of phenomena which into the picture of nature in no way detract
from that harmonious impression of rest and unity, which is the ultimate
object of every literary or purely artistic composition. (Humboldt [1845]
1849, 62).

The tension between appearance and exactitude (art and science; self and world) have
appeared constantly in Humboldt’s work since 1807 in order to serve his great objective of
understanding nature as a whole. This objective relied on making evident the vast
relationships that existed between organisms, inert matter, and phenomena, which could
only be done by merging rigorous exact methods with subjective knowledge obtained from
interpreting the appearance and beauty of nature. Humboldt believed that “scientific
completeness [accuracy]” was compatible “with a picturesque animation of style
[representation]” (Humboldt [1845] 1849, xi), and that “imagination . . . prompts and
excites discoveries by its creative powers” (Humboldt [1845] 1849, 61). So, appearance
and precision rendered a distinctive trait in Humboldt: the use of visual comparison.
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Comparison has been described as one of some “‘fundamental principles’ of analytical
designs” that allowed Humboldt’s pictorial science (Tufte 2006, cited in Romanowski
2008, 165), or as his “primary means of understanding nature” instead of “abstract
mathematics or numbers” (Wulf 2015, 32). Dispersed facts from distant places, fields, or
units were displayed in one image, using their comparison to see connections. Comparison
enabled Humboldt’s landmark images, which contributed to changing the understanding
of nature. First, the natural sciences of the time classified samples using a system developed
by Swedish botanist Carl Linnaeus (1707-17780). Humboldt did not question the
usefulness of this system, but he appealed in his first publication for the need “to go beyond
classification [taxonomy]” and instead “focus on the geography [distribution] of plants”
(Jackson 2008, 18). Before photography existed, each sample was presented in realistic
handmade drawings which accompanied tables. They were sketched by the naturalist who
collected them and later professionally drawn, engraved, and colored for reproduction.
These images were meant to be realistic, not evocative (figure 2).

Figure 2. Botanical representation and classification at the Peter H. Raven Library at the Missouri Botanical Garden (a)
Botanical tables; (b) contemporary botanical table; (c) view of a hall at the botanical library (Photograph by author,
2016).
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Humboldt recognized a contradiction in the goals of a “systematising botanist” who
“separates into different groups many plants which the student of the physiognomy
[appearance] of nature is compelled to associate together” (Humboldt [1808] 1850, 221),
meaning that natural science was frenetically collecting facts, but no one was trying to
connect them in one image. In some ways, Humboldt was trying to do so by merging the
concept of nature as a single organism outlined by Schelling with Goethe’s subjective and
objective impression of nature. Humboldt would still collect samples, both visible (e.g.,
plants, animals, insects, rocks, and soils), and invisible (e.g., weather measurements), but
to prove that everything was connected he used comparison to unite that dispersed
information. Visual comparison and the interaction of appearance and precision allowed
him to examine the analogies and differences between “individual phenomena . . . ‘in their
relation to the whole’” (Wulf 2015, 88).

Early Drawings of Climate and Weather
This section explains two of Humboldt’s images that attempted to draw the phenomena of
climate and weather in an innovative way. One was the Naturgemälde, which presented
the idea of climate as a global system through the spatial distribution of vegetation zones,
and the other one was a drawing technology called “isothermal lines” which was used to
map the form of climate through the spatial distribution of mean temperature over the earth.
The influence of these graphical abstractions of climate and weather can be found directly
in disciplines like geographical botany or climatology, but they also influenced extremely
distant fields like architecture as well, which is the main interest of this analysis.
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Naturgemälde
The first image was conceived at the end of an exploration voyage to the equatorial tropics
of South America, made between 1799 and 1803 by Alexander von Humboldt. He was able
to observe an outstanding animal and plant diversity, as well as a geographical diversity
that included Chimborazo, the mountain that was believed to be the tallest of the world at
the time. These physical characteristics allowed Humboldt to sense the range of climates
of the world.
In the tropics . . . on the vast surface of up to 4,800 meters, on this steep
surface climbing from the ocean level to the perpetual snows, various
climates follow one another and are superimposed . . . each elevation has its
own specific conditions, and therefore produces differently according to
these circumstances (Humboldt and Bonpland [1807] 2008, 78).

When one ascends from sea level to the peaks of high mountains, one can
see a gradual change in the appearance of the land and in the various
physical phenomena in the atmosphere . . . As the appearance of the
vegetation changes, so does the form of the animals (Humboldt and
Bonpland [1807] 2008, 76).
“Looking down Chimborazo’s slopes and the mountain ranges in the distance, everything
that Humboldt had seen in the previous years came together,” realizing that Nature “was a
web of life and a global force” according to Wulf (Wulf 2015, 87). And according to Sachs,
Humboldt “realized that climbing certain mountains was like walking from the torrid
equator to one of the frigid poles: vertical geography [of the volcano] mirrored horizontal
geography [of the planet]” revealing “climate as a unifying global force” (Sachs 2006, 52)
that defined animal and vegetal life. Thus, Chimborazo became the protagonist of a single
image that represented this new idea, Einem Naturgemälde Der Tropenlander or A Natural
Painting of the Tropical Landscape (figure 3). It was a sketch of Chimborazo in crosssection surrounded to the left and the right by data for comparison, connecting its visual
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and textual facts in an interplay of precision, appearance, and comparison. It was
interdisciplinary (comparing botanical, geological, and meteorological data), interregional
(comparing data across hemispheres), interspecies (comparing plants and animals), and
inter-scaled (giving equal importance to the smallest vegetation up to the largest
phenomena like climate). In a more figurative sense, the sketch evoked climate with
techniques like darkening the sky according to altitude.

Figure 3. First sketch of the Naturgemälde. (Alexander von Humboldt (1769 - 1859). Geografía de las plantas cerca
del Ecuador. Tabla física de los Andes y países vecinos, levantada sobre las observaciones y medidas tomadas en los
lugares en 1799-1803, 1803. Acuarela (Acuarela y tinta / Papel). 38,7 x 50,3 cm. Colección Museo Nacional de
Colombia, reg. 1204. Photograph by ©Museo Nacional de Colombia / Oscar Monsalve Pino).

When Humboldt returned to Paris, he published the results of his voyage in Essay on the
Geography of Plants, which included the final version of Einem Naturgemälde Der
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Tropenlander. The German edition of the Essay began with a dedication to Goethe and an
image of “Apollo with his lyre unveiling a statue of the Diana of Ephesus: Poetry unveiling
Nature” (Dettelbach 1999, 501) (figure 4). This dedication not only reflected the influence
Goethe had on Humboldt, but importantly reinforced that “Poetry was necessary to
comprehend the mysteries of the natural world” (Wulf 2015, 129).

Figure 4. Representation of Apollo lifting Diana’s veil (Drawing by author).

The Essay included the final version of the Naturgemälde, an image of around 80 x 50 cm,
drawn by Lorenz Schoenberger and Pierre Turpin (Humboldt and Bonpland [1807] 2008,
81); the engraving with watercolor was done by Louis Bouquet (De Havenon et al. 2014,
115). It can be argued that Humboldt selected artists with the “rare talent” and “good taste”
to comprehend the essence of his sketch (Humboldt and Bonpland [1807] 2008, 81). In
those days, printed books were sold only as separated pages to be bound later by the buyer
according to his personal choice and budget. For that reason, some copies of Naturgemälde
ended up being bound with the rest of the Essay as large fold-outs, while others were rolled
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as maps, and others, displayed as paintings (figure 5). The published engraving maintained
the complex structure and concept of the sketch (figure 6). “Some persons of taste might
have wished not to see observations surrounding the picture of the Cordillera and to have
all these observations relegated near the scales in the margins of the tableau,” Humboldt
wrote, “but in a work of this kind, one must consider two conflicting interests, appearance
and exactitude” (Humboldt and Bonpland [1807] 2008, 81). Even more, Naturgemälde, the
name that Humboldt chose for the image, in his native German could mean “painting of
nature,” “sense of unity” or “wholeness” (Wulf 2015, 88), showing the importance that
Humboldt placed on the beauty/empiricism duality5.

Figure 5. Bound edition of the Essay of the Geography of the Plants with folded engraving of the Naturgemälde held at
the Peter H. Raven Library at the Missouri Botanical Garden. November 2016 (Photograph by author, 2016).

Humboldt’s original preoccupation with the role of art to truly understand nature was lost verbally when
the word of Naturgemälde was translated into French (1807), Spanish (1809), and English (2009) as
Tableau Physique, Cuadro Físico, or Physical Table, which instead emphasized the determinate quality of
the system of natural classification.
5
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Figure 6. Engraving of the Naturgemälde held at the Peter H. Raven Library at the Missouri Botanical Garden.
November 2016 (Photograph by author, 2016).

As a precise object, the Naturgemälde contained “all the physical phenomena occurring on
the surface of the earth and in the atmosphere from the 10th degree of boreal [north] latitude
to the 10th degree of austral [south] latitude [equinoctial regions]” (Humboldt and
Bonpland [1807] 2008, 81). Leaning on techniques learned from Lavoisier and Mayer, this
image was Humboldt’s graphical systematization of thousands of dispersed and precise
“astronomical, geological, meteorological, botanical, and oceanographic facts” gathered
for five years (Clarke, Pickles, and Cooke 2015, 50; my translation). The drawing was a
two-dimensional grid which could be read at any single point (for example the altitude of
the mountain or the clouds) and, by following its connections across x and y (rows and
columns of data on both sides of the drawing of the mountain), learn by comparison about
“The vegetation; The animals; Geological phenomena; Cultivation; The air temperature;
the limit of perpetual snow; the chemical composition of the atmosphere; its electrical
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tension; its barometric pressure; the decrease in gravity; the intensity of the azure color of
the sky; the weakening of light as it passes through the strata of the atmosphere; the
horizontal refractions, and temperature of boiling water at various altitudes” (Humboldt
and Bonpland [1807] 2008, 78). These facts, in addition to being compared with each other,
could be compared with similar facts from other places around the world. In his Essay,
Humboldt does not talk about weather, only about physical climate, which he defines
mostly in terms of “the air temperature . . . the pressure of the atmosphere, the hygroscopic
state of the air, its electrical charge” (Humboldt and Bonpland [1807] 2008, 78).
Humboldt concluded that visual impact was more important than graphical exactitude
because it was impossible to convey in one image the concept of beauty and appearance if
all real scales and quantitative measurements (horizontal distance, height and size of
vegetation, Chimborazo’s shape) were maintained. To fit the format and successfully
represent “a large part of the planet in profile, the scales for height and distance cannot be
identical” (Humboldt and Bonpland [1807] 2008, 85). A “picturesque image of this
colossal mountain” (Humboldt and Bonpland [1807] 2008, 84) would be more “capable of
suggesting unexpected analogies . . . speaking to the imagination and providing the
pleasure that comes from contemplating a beneficial as well as majestic nature” (Humboldt
and Bonpland [1807] 2008, 79). The Naturgemälde, as well as other “graphic innovations”
made by Humboldt, was “designed to sensibly register dynamic relationships or immaterial
entities.” It “manipulated vertical and horizontal scales in order to make the variation of
physical forces ‘manifest to the senses’” (Dettelbach 1999, 481). If the “great chain of
causes and effects” that Nature was, could only be understood by considering every fact
and study together (Humboldt and Bonpland [1807] 2008, 79), then the Naturgemälde tried
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to condense in one single image almost all of Humboldt’s research on the equatorial tropics.
Precisely for its position between reason and imagination, Humboldt speculated that the
Naturgemälde could “stimulate people” not only from outside the field, but outside
academia, into the study of nature (Humboldt and Bonpland [1807] 2008, 79). The
Naturgemälde was among the first environmental images directed to the masses, drawing
a holistic nature in which climate is a global force.
Just as the sketch did, the final version of the Naturgemälde also used visual techniques to
represent climate (figure 7), such as darkening the blueness of the sky towards the top of
the page, something that could also symbolize the increasing atmospheric pressure or
weight of the air; the shape of clouds being blurred by the wind; or the placing of a cloud
in the limit between greener and more austere vegetation, which is the limit between colder
and warmer climates.

Figure 7. Detail of oversized vegetation, clouds, and blueness of the sky from engraving of the Naturgemälde held at
the Peter H. Raven Library at the Missouri Botanical Garden. November 2016. (Photograph by author, 2016).
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Isothermal lines
The study of weather, similar to the study of air, has interested people since as long ago as
Ptolemy of Alexandria, who kept a weather diary around 120 CE (Lamb [1982] 1995, 159),
to the appearance of instruments to measure weather conditions in the first scientific
revolution (barometer, thermometer), up to the amateur meteorology culture that appeared
in Europe around 1750, with people keeping rigorous weather journals about extraordinary
local weather (Endfield and Morris 2012, 71). But it was the second scientific revolution
around 1800 which finally brought together all of these dispersed weather measurements
under a network based on the standardization of units and techniques. Weather
measurements were collected in tables, which despite being precise local measurements of
different places, were difficult to compare. To understand and draw climate as a global
force, strict collection of measurements was not enough. Meteorologists were frenetically
collecting facts, but no one was trying to connect them in one picture.
Humboldt took these sets of unincorporated information and came up with a mode of
representation to visualize the meteorological data, mapping its perceivable but invisible
form, and through this found a new understanding of climate based on the spatial
distribution of the temperature of the air. Humboldt applied the fundamental logic of the
Naturgemälde to climate. If plants could be visualized through their “geographical
distribution,” then the same could be done with “temperature conditions on the earth”; thus,
“he plotted lines passing through the places [around the globe] with the same mean
[average] annual temperature on the map” (Munzar 1967, 360). This mapping approach
used isolines (lines of equal value), a graphical technique that allowed for the visualization
of areas of similar value based on averaging and interpolating individual measurements.
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Humboldt named his isolines of equal temperature isotherms from the Greek for equal heat;
he pioneered their use in cartography and geography, publishing the first map of isotherms
in his essay “On the Isothermal Lines and the Distribution of Heat on the Earth” in 1817
(figure 8). In contrast to Chimborazo’s picturesque painting of nature, the first isotherm
was abstract, without any recognizable feature like outlines of continents or mountains.
Also, in contrast to the large amount of interdisciplinary data that the Naturgemälde
presented, this isothermal map was made mainly from temperatures obtained from the
precise local measurements of meteorological stations. The 1817 isotherm was a precise
drawing that largely ignored appearance; it was more suited for an expert audience.

Figure 8. Simplification of Humboldt’s 1817 isotherm (Drawing by author).

This isotherm became less abstract and more suited for a non-expert audience after
isothermal zones were drawn and colored over the outline of continents, using a chromatic
scale that correlated blue with coldness and yellow with warmth, first in an 1823 version
made by the pedagogue William C. Woodbridge (1794-1845) (Clarke, Pickles, and Cooke
2015, 167), and finally in an 1848 version made by Humboldt and called System of
Isothermal Lines or Lines of Equal Annual Mean Temperature Over the Globe (figure 9).
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Humboldt’s 1848 isotherm was easier to read and more attractive to contemplate; it was
published in Heinrich Berghaus’s The Physical Atlas: A Series of Maps and Notes
Illustrating the Geographical Distribution of Natural Phenomena, a book meant to
complement Humboldt’s book Cosmos. This atlas was a “systematic recompilation of the
relationship between types of vegetation, isothermal strips around the Earth, and elevation
above the sea” (Clarke, Pickles, and Cooke 2015, 51; my translation); besides temperature,
this atlas also represented through isolines other climate components such as rain, air
currents, and mean air pressure. The atlas also combined isomaps with picturesque images
and oversized depictions of vegetation and animals to be compared (figure 10).

Figure 9. Humboldt’s System of Isothermal Lines or Lines of Equal Annual Mean Temperature Over the Globe: With
Lines of Equal Barometric Pressure at the Level of the Sea. Credit: Library of Congress, Geography and Map Division.
(Johnston et al. 1848, Map 37).
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Figure 10. From the top left: Map of botanical geography [of the world] and close up ( Johnston et al. 1848, Map 42)
and map of zoological geography of carnivorous animals [of the world], Sheet 2 and close up (Johnston et al. 1848,
Map 45).

Isotherms changed a previous understanding of climate established by the Greeks, in which
climate depended only on the “height of the sun above the horizon” (latitude; angle of the
sun) (Munzar 1967, 360). Klima, the Greek root from which we get the word climate, meant
“inclination” (Munzar 1967, 360). This logic divided the earth into four climate zones, in
between the Tropic of Cancer, Tropic of Capricorn, Arctic Belt, and Antarctic Belt.
Isothermal maps proved these zones wrong by showing how the distribution of heat on
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earth depended on more factors than just the sun, such as altitude over the sea, currents of
air, composition, color, and density of the surface of the planet. Isotherms showed that
temperatures were “azonal” (Munzar 1967, 361), meaning that along the same latitude
there could exist different temperatures, a notion that was the basis for the new science of
climatology. Isothermal maps were “the beginning of cartographical representation of
climate” (Munzar 1967, 363) and were “the simplest expression of the distribution of heat
over the surface of the earth” (Munzar 1967, 362). As Humboldt stated in the Essay, climate
was defined mostly in terms of temperature. Afterwards, isotherms kept being improved
by increasing the number of meteorological stations, which allowed different scales—
macro, meso, and microclimatic maps. In addition, more types of isolinear maps related to
climate components were developed: isotach (wind speed), isobar (atmospheric pressure),
isogon (wind direction), isophote (illuminance), and isohel (sunshine).
Subsequently, the German-Russian botanist Wladimir Peter Köppen (1783-1864), who
researched the effect of temperature on plant growth, developed one of the most used
climate classification systems (figure 11). Köppen’s classification was based on the spatial
distribution of vegetal species according to climate (Clarke, Pickles, and Cook 2015, 165).
Köppen’s climate map was inevitably more precise because of the increase of
meteorological stations by 1900. Also, in addition to temperature, it included information
about humidity, the pressure of the atmosphere and the velocity of the wind (Clarke,
Pickles, and Cook 2015, 165). Köppen used an “intuitive chromatic scheme to represent
and classify the different climates of the world” (Clarke, Pickles, and Cook 2015, 165; my
translation), establishing around 30 macroclimates and microclimates that ranged from arid
to lush, and were represented with a gradient that went from yellow-reds to greens. This
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selection of colors was reminiscent of the general appearance of a place, where aridness
and lack of vegetation will cause an impression of yellow-red, while a lush place with
abundant vegetation will cause an impression of green. Köppen correlated colors with the
amount of vegetation instead of the level of heat or cold. The map had an additional
nomenclature that used letters and numbers with descriptive names like tropical rainforest
or cold forest climate. Up to this day, Köppen’s climate classification continues to be used.

Figure 11. Representation of Köppen’s classification of world climates map (Drawing by author).

Afterwards, isothermal maps evolved by adding more data points, more meteorological
stations, and more local measurements, to make better averages. They maintained the logic
while continuously increasing their exactitude. In many ways these maps were governed
by a view that precision alone was the key to better represent a force like climate; forgetting
to recognize the role that beauty and appearance played in the way Humboldt understood
the representation of climate. The strength of isolinear maps is their capacity to draw
general patterns of climate components from local measurements in increasingly precise
single images, just as one of the Naturgemälde’s strengths was its outstanding capacity to
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generalize, by simplifying the mechanisms that governed nature and climate, showing one
system that involved the atmosphere, oceans, lands, and living beings. But, despite the fact
that the Naturgemälde and isothermal maps were generalizing visual devices, they
manifested this generality in different ways. The former simplified an idea while the latter
only averaged a set of data. This is the fundamental difference in their approaches towards
beauty and appearance: isothermal maps stitched together a set of precise, instrumental
measurements in order to draw climate, while the Naturgemälde was a picturesque attempt
to represent how that set of data was felt physically (with the senses) and was understood
as a complex idea. Isothermal maps showed, while the Naturgemälde suggested. In the
case of isothermal maps, their appearance was a result of their data; other than some
variations in color or display of the continents, their overall appearance was a result of
averaging numerical data and representing it over space as precisely as possible. Isolines
and the surfaces they delimited were meant to show the true form of climate, abstracted
and precise. The Naturgemälde attempted the much more difficult task of situating that
data as a total perception. It was able to sacrifice its visual precision (not maintaining the
true vertical scales) in order to highlight its beauty and replicate an impression of nature
for the imagination.

Isothermal Lines as Design Tools for Architecture
This section shows how climate drawings influenced architecture. Humboldt’s work did
not have a direct influence on the discipline of architecture; however, the logic of
isothermal lines did reach architectural research by the mid-twentieth century through the
influence of bioclimatology, a subfield of climatology. The Hungarian architect Victor
Olgyay created a comprehensive method of design in which isothermal lines had a key
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role. Images like climate portraits, and the bioclimatic chart became instrumental design
tools that delivered long term climate (temperature, humidity, rain, sun radiation) for
architects.
Theoretical work about the influence of climatic elements on buildings and organisms can
be traced back as early as the Greeks and Romans, with recommendations or policy about
wind and sun orientation; but, scientific research about climate in the field of architecture
began to appear in the 1930s. Climate measuring and classification evolved into the
subfields of micro-meteorology and micro-climatology, which eventually were applied in
city planning by the late nineteenth century, supported by the public health movement and
its description of fresh air as a necessity (Janković 2013, 542). By the 1950s, other factors
in addition to microclimatological classifications converged to transform climate into one

of the most relevant architectural preoccupations. The convergence of minimum building
standards, a shared International Style, the commodification of architecture, tropical
feedback, and climate big data became a catalyst for the integration of climate into the
discipline.
Since the nineteenth century people’s lifestyles and their built environment were
transformed by growing industrial development, which precipitated a general lack of health
in the built environment. Space, and architecture as its expression, became a tool to address
social inequalities; minimums for hygiene and comfort (air quality, ventilation, light,
temperature), and housing (size, distribution, services) were standardized gradually to
guarantee basic health. In addition, measurement of temperature, humidity, and air flow
became accessible for the building industry, allowing the standardization of interior
temperatures as early as 1894 as Erwine notes, when the American Society of Heating and
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Ventilating Engineers of New York City “defined [a] minimum standard of heating and
ventilation for all classes of buildings” (Erwine 2017, 115).
The end of World War II came with social and physical divisions among nations that
caused a desire for unification. The idea of an international building aesthetic or style was
appealing. Pure forms with a heavy use of glass defined this style, causing serious problems
of overheating and under heating that needed to be fixed mechanically by the growing
industry of heating, ventilation, and air conditioning (HVAC) devices. In tandem, a new
“speculative development market” promoted a “generic design” after World War II,
meaning that “buildings and entire neighborhoods [were] designed and built for a generic
client . . . ‘average consumer.’” Architectural space became a “commodity that could be
designed for any place [and climate] on Earth to serve a variety of changing functions”
(Erwine 2017, 14,15). When the energy crisis between 1947 and 1948 “catalyzed anxiety
over the future supply of energy resources for the growing American economy,” research
in alternative energies like solar technology received impulse (Barber 2013, 257).
Climate became an “issue” when European and North American architects began to work
in the very different climates of the tropics (Szokolay 1998, 1). The tropics belonged to the
so called third world, which after World War II experienced a process of decolonization
during which “1.5 billion human beings” with their land replete with natural resources
“became part of the world” (Morin and Kern 1999, 19). The third world, with hopes of
modernization, did not have native trained architects capable of designing new cities
according to international aesthetics. Famous architects (who were unfamiliar with tropical
climates) were commissioned to work in the tropics, which caused architectural mistakes
as well as successes in those climates and revealed the need for new design strategies that

139

could deal with novel climates. This climatic research mainly took two approaches:
studying design solutions of local architecture and researching climate components.
Finally, regarding climate big data, the development of aeronautics during World War II
produced a surplus of meteorological information that needed new practical uses, among
which climatic control through buildings seemed promising.
All of these various pressures were made manifest in a project called “Climate Control”
which began in 1949 when the popular interior decorating magazine House Beautiful
collaborated with the American Institute of Architects (AIA) in the United States. The
Climate Control project presented climate information systematically to architects and
consumers simultaneously, using magazine articles and professional bulletins.
House Beautiful was a magazine born in the late 1800s; it influenced the public’s taste and
promoted consumption by mixing articles with images of interior design, architecture,
furniture, gardening, and cooking. The writings of one of the most renowned editors of the
magazine, Elizabeth Gordon (1906-2000), evidences her interest in educating the
American public regarding their built environment and climate, promoting an American
architecture that would distance itself from the aspirations of social control of the European
Modern Movement that opposed the fundamental American philosophy of laissez faire.
Gordon wrote:
The much touted all-glass cube of International Style architecture is perhaps
the most unlivable type of home for man since he descended from the tree
and entered a cave. You burn up in the summer and freeze in the winter,
because nothing must interfere with the ‘pure’ form of their rectangles—no
overhanging roofs to shade you from the sun; the bare minimum of gadgets
and possessions so as not to spoil the “clean” look’ (Gordon 1953, 250).
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This critique can be found earlier with the military geographer and climatologist Paul Sipel,
who collaborated with Gordon in the Climate Control Project, writing in 1950:
So too, some monuments to the art of building design, which have even
taken prizes, have failed to provide occupants with comfort and efficient
living or working conditions compatible with the luxurious appearance.
There is no inherent reason why increased efficiency of climatic design has
to conflict with appearance; in fact, it may improve appearance. Nothing is
more forlorn-looking than that which is climatically unseasonable. A person
who is uncomfortably hot or cold often makes glamorous clothing look
silly. So too, buildings that make their occupants uncomfortable or are
disfigured by climatic deterioration look forlorn (Siple 1950, 7,8).

The magazine inaugurated its coverage of climate and introduced to the public the idea of
climate control using the charming images of an antique planetary model, an old barometer,
a sun, drops of rain, and a wind vane (figure 12a) on its cover. Other images appeared in
the magazine such as climate/housing classifications (defining ideal houses according to
climate data), climate/population centers maps (defined maximum radius of climatic
influence), regional climate portraits as shown in figure 12b, isotherms plotted over aerial
photographs (different temperatures between urban and suburban areas) or cartoons, that
contributed to visualizing climate in a technical and nontechnical way.
However, the most important image introduced in this same issue of the magazine was the
“temperature portrait” (Siple 1950, 9) (Siple 1949b, 131,132), also published in the
bimonthly AIA bulletin (MIT 2007), which introduced isotherms to the field. (See figure
13.) It displayed “8 sets of isothermal (equal temperature) lines and 4 equal rainfall lines”
of 9 American climates (Siple 1949b, 8).
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Figure 12. Images from the House Beautiful magazine issue dedicated to climate control. October 1949. (a) House
Beautiful cover credited to Angelo Pinto in the magazine. (b) Climate portrait of the region around Ohio in the United
States (Siple 1949a, 162).

Figure 13. Representation of portraits of nine American climates published for architects and customers (Drawing by
author).

The House Beautiful and AIA Climate Control Project applied microclimatology and
climatography in architecture to do three things: gather “exact climatic descriptions of . . .
densely populated parts of America,” to “specify exactly what a house ought to be and to
do, in any place,” in order to “reduce stresses and strains of local weather and climate on
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its residents” (Marston Fitch 1949, 143). Importantly, these images, maps, and portraits
were precise tools that predicted specific modes and methods of design that should
“produce a perfect house for the place in which it was to be built” (Marston Fitch 1949,
143). They were not meant to evoke the feeling of climate, nor replicate the pleasure of
contemplating nature, nor produce unexpected interpretations; their aesthetic was a rote
product of their precise categorization and averaging.
While House Beautiful and the AIA introduced isothermal maps through climate portraits
to the larger discourse of the profession, it was Hungarian architect Victor Olgyay from
Princeton University who made them part of a method of design. In 1953, Olgyay
published “A Bioclimatic Approach for Architecture,” a seminal article that synthesized
concepts and graphics from “physiology through climatology to building physics” into a
comprehensive method of designing buildings (Szokolay 1998, 2), a method that reached
its mature state in 1957 (Barber 2017, 147). In addition to using yearly climate portraits,
Olgyay transformed the isotherm into a timetable chart with the yearly temperature and
humidity of a region, plotting over it the architectural needs for that climate (figures 14 and
15). The chart was a 12x12 grid in which temperature and humidity were depicted. That
representation was done using two numbers on the upper left corner of each cell (X cells
were sun hours, while Y cells were months), or was done using a gradient of grays for
warmer and colder temperatures.
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Figure 14. Olgyay’s timetables of climatic needs in various regions (Victor Olgyay Collection, Box 5 Folders 6 and 7).

Figure 15. Thermal charts. Yearly climatic portrait (Victor Olgyay Collection, Box 5 Folder 6).

Olgyay’s comprehensive method to design buildings with climate depended heavily on
visualizations of separate meteorological components: temperature and humidity, wind,
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and solar radiation. Perceivable but invisible, temperature and humidity were represented
through the aforementioned isotherms, timetables, and climate portraits. The more visual
and also perceivable wind and sun were represented with wind roses, and with shading and
radiation masks, respectively. Olgyay defined wind and solar radiation as vector quantities
that were represented using lines in which the length shows their amount or quantity (speed
or energy) and the angle shows their direction or movement.
Olgyay visualized wind lines in two ways: with photographs of moving air and with
drawings. In the first case, wind tunnels had simulated air in motion for aeronautic research.
A fan moved air “painted” with chemical smoke through a perforated panel that reduced
turbulence. The resulting flows were visible and could be photographed in lateral and top
views (figure 16a). In the second case, wind lines were plotted over the drawings of
building plans and sections to speculate about their interaction (figure 16b), but also, wind
was (and still is) visualized in wind roses which were geometric representations of average
meteorological data of speed and frequency plotted over the eight cardinal directions with
arrows and lines that help the process of design (figure 17).

Figure 16. Comparison of Olgyay’s two types of visualization of wind (a) Wind tunnel (Victor Olgyay Collection, Box
7 Folder 4); (b) Wind sketches (Victor Olgyay Collection, Box 9 Folder 4).
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Figure 17. Wind roses with frequency and average velocity (Ursula Freire personal archive).

In the case of sun, the architect needed to visualize its movement and its amount of energy.
Sun rays are lines with angles that move cyclically throughout the year; to visualize them,
Olgyay adopted a variety of sun-path diagrams which date back to 1948 (Szokolay 1998,
112). These diagrams projected the “imaginary” celestial dome on a flat surface, plotting
over it the sun’s yearly path at any given place, making it possible to precisely predict the
movement of the sun and the shading it produced. Olgyay also visualized the energy of the
sun with a “radiator calculator,” a graphical aid, not a statistical one, which computed in a
less laborious manner the amount of solar energy (Olgyay et al. [1963] 2015, 36). Sun lines
were also represented on building plans and sections in the same way as wind. Thus, where
wind was evoked through symbols like moving clouds in the Naturgemälde, the wind roses
used by Olgyay were a geometric tool to precisely design a building with wind. The
evocative clouds made appearance and the impression of nature more important, while
arrows over cardinal directions made precision the more relevant force. Wind roses are to
the Naturgemälde, what the 1848 isothermal map was to the 1817 isothermal map because
they reveal two sides of the same phenomenon. Wind roses make visible the invisible
movement of the wind, while the Naturgemälde attempted to convey the feeling of wind
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to the imagination. Even more, the wind in the Naturgemälde most probably is imagined
with the rest of climatic components of place, while a wind rose by itself reduces wind to
a line. The wind rose won’t tell the reader anything about the hierarchy of subtle sensations
that wind causes, while the Naturgemälde tries to evoke the entire place with its atmosphere
(figure 18a and 18b).

Figure 18. Comparison of wind roses to Naturgemälde (a) Wind roses (Ursula Freire personal archive); (b) Close-up of
Naturgemälde (Humboldt and Bonpland [1808-1810] 1997).

However, Naturgemälde’s evocation can be called inexact or subjective, while the wind
rose provides precise and universal data. Each image about wind lacks something that the
other has, yet interestingly, both are united by an underlying mentality where everything
could be defined by coordinates. The problem with this mentality is that abstracting too
much can prevent the concept from being conveyed correctly and can objectify what is
being depicted. Wind roses do not humanize place in their mode of representation; by
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contrast, the Naturgemälde made an effort to bring to life for others the wonderful place
that Humboldt experienced and where he felt those winds.
A similar comparison of sun-path diagrams and the Naturgemälde reveals that without
training, the sun is unrecognizable in the diagrams, while the clear blue sky of the
Naturgemälde might convey the feeling of a warm sunny day. The shortfalls of abstraction
appear again in sun-path diagrams by objectifying the place instead of humanizing it. A
designer who lacks firsthand experience of a place can use wind roses, sun-path diagrams,
and climate portraits to obtain crucial and precise information about the place. But by never
seeing the place and its climate in a more realistic way, an out-of-sight out-of-mind
mentality might negatively affect the design. An image like the Naturgemälde, which
shows place and climate in a more pictorial or figurative way, humanizes place through the
use of universal symbols that might evoke in a person the physical feeling of that place.
So, instead of only working with the abstracted version of climate in utilitarian and
determined lines and vectors, a designer should also work more intuitively with the familiar
or beautiful images of wind and sun.
Olgyay’s previous climate images were abstract and instrumental, but he did work with
another type of image that involved the visualization of the effects of climate on humans—
the 1950s bioclimatic chart. The first version of the chart (figure 19), was a 10x10 grid in
which Y was temperature and X was humidity; a zone in which humans would feel
comfortable was delimited between X and Y. Lines were plotted over the grid using
measurements of temperature and humidity. If the lines were placed outside the zone, the
chart indicated that sun or wind was needed. This chart was instrumental, abstract, and
precise; its appearance was nothing more than the result of placing numbers on graph paper,

148

and nothing familiar could be recognized in it without training. However, Olgyay produced
a more attractive and evocative version of this chart, which included figurative
representations and has been described as an “expressive interpretation of technical
knowledge” (Barber 2017, 150). The protagonist of the chart was a drawing of an average
human of the time, dressed in a tie and slippers, resting, smoking, and reading within the
comfort zone, protected from the hardships of weather (figure 20).

Figure 19. Initial bioclimatic chart (Victor Olgyay Collection, Box 9 Folder 14).

149

Figure 20. Expressive and figurative bioclimatic index (Victor Olgyay Collection, Box 4 Folder 2).

Olgyay’s comfortable man was “imagined as a stable, protected figure” (Barber 2017, 149),
without any stress or irritation, in a climate controlled stasis. That man was accompanied
by a shading tree, suns with faces, wind, heat, and dryness. The comfort zone could be
tuned and refined according to different definitions of comfort, and eventually was used to
standardize the inner climates of buildings. So, while the later chart did contain some nod
to embodied climate, the chart itself has two important shortfalls: its averaging mentality
and reductive method. Olgyay’s “average comfortable man” and concepts such as “average
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consumer,” “average space,” and “average internal temperature” are evidence of a
mentality in mid-twentieth century architecture that aimed to standardize; to average
extremes in the name of health, efficiency, and comfort.
Contemplating this tyranny of the average brings us back to Goethe’s chromatic circle and
its accompanying reflection about the role of contrast in the creation of beauty in nature
and the impact of beauty on people (contrasting dualities paradoxically create unity
because they complement each other). The architectural effort to find an “ideal average”
prevents the possibility of contrast, meaning that staying perpetually within a comfort zone
can become dull or boring, while a transition from extreme climates into a comfort zone
can intensify the sensation of comfort. Also, the chart (in both versions) is a reduction of
human sensations, bodies, and personal climates to numbers, points, and lines, thus,
objectifying them, meaning that a designer who only uses the chart can suffer the out-ofsight out-of-mind mentality that was explained earlier.
The effort to control climate continued after the 1960s but promoted the use of heating
ventilation and air conditioning (HVAC) instead of bioclimatic architecture. Nonetheless,
Olgyay’s philosophy was continued by a small group of architects who strictly followed
and expanded his method within its instrumental logics. For example, Israeli architect
Baruch Givoni developed the “building bioclimatic chart,” published in Man, Climate and
Architecture in 1969, and English-Argentinian architect John Martin Evan developed
comfort triangles in the 1990s (Rincón Martínez and Fuentes Freixanet 2014, 1375) (figure
21). These charts, along with isotherms, wind roses, and sun-path diagrams, were digitized
with the arrival of personal computers, which since the 1980s have enabled color displays,
more precision, and speed (figure 22).
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Figure 21. Digital version of Evans's triangles made with e-Clim excel software (Evans and Delbene 2004; Ursula
Freire personal archive).

Figure 22. Timetables or isotherms made with e-Clim excel software of hot and cold places. Climatic portraits of a
place made with computers in full color (Evans and Delbene 2004; Ursula Freire personal archive).

Computer-aided design (CAD) appeared in 1982 and allowed real-time visualizations of
scale-model buildings. Then, by 1987, an ecological awareness became legitimized with
the concept of sustainable development (the capacity of one generation to solve its needs
without compromising the next generation’s capacity to do the same) (WCED 1987), and
with the creation in 1993 of building certifications, tags, and ratings of sustainability with
institutions. The 1950s goal for climate control had evolved since the 1990s into the
“bureaucratic realm of global environmental management—‘sustainability’” that is
“almost indistinguishable from the neoliberal discourse on economic growth” (Barber
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2016, 254). CAD, sustainability, certifications, bigger climate data, and geographical
positioning fostered simulations of the environmental behavior of buildings through energy
and individual climate components, allowing real-time interactive visualizations plotted
over virtual building models (figure 23).

Figure 23. Digital simulations of wind (Ursula Freire personal archive).

All types of sun-path diagrams were displayed over the outlines of continents. Yearly,
monthly, and daily sun paths and angles were displayed three-dimensionally over building
models as digital armillary domes; shadows were automatically produced. Many interface
windows allowed isometric, vertical, and horizontal views of building models and their
geographical and celestial positions to be viewed at the same time; thermal energy from
radiation and levels of natural light were displayed and calculated. The visual display could
be changed with the click of a mouse, modifying isotherms and grids until the most
attractive display was found. Temperature could be displayed by using colors to show the
gradient from hot to cold and by adding arrows, dots, or meshes. Units could be calculated
and changed immediately. In the case of wind roses, frequency and velocity were presented
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with colors and in more attractive types of lines; the possibility of making videos made it
easier to visualize the movement of the wind. The designer could play more with
appearance but within the realms of precision, the evocation provided by Olgyay’s
comfortable man disappeared. Software held the promise to visualize not only climate, but
sustainability; thus, legitimizing sustainability and off-site design.
Computers and meteorological stations have continued to become smaller and cheaper,
increasing the amount of data and the precision of isothermal maps. Smartphones are
connected to weather sensors using apps with icons that condense climate into simple
symbols: “weather” has variously been represented with three serpentine lines that evoke
wind and interior ambiance, with circles that suggest bubbles of air, and with stylized
clouds and suns. Dwellers record and visualize inner climate with real-time alerts of health
quality, defined by components such as temperature, humidity, CO2 levels, and noise, each
with its own representative icon. Software and climate sensors are targeted for both
architects and consumers, both of whom can compare in real time the climate information
on their smartphones with the real-time experience they are living. All of these techniques
and technologies that define contemporary architectural practice surrounding climate are
derived from the inherent precision and abstraction of Olgyay’s drawings. The generalized
charts of wind, sun, and human comfort, and their manifestations in digital platforms, allow
for a method of design that loses the beautiful extremes of specificity on their march to the
average. The importance of a sensate body, the consideration of place, and the experience
of climate have been lost. Climate and weather have become understood and represented
in architecture mostly in an abstract, precise, and instrumental manner.
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Climate Drawings as Design Tools
This section explains the main conclusions regarding the role that drawings of the climate
and weather have acquired in architecture as tools for legitimate designs, and the ways in
which such drawings could be improved in the future to become truly useful for
architecture. This could be achieved by developing climate drawings as design tools that
solve the second paradox of climate representation—visualizing the sensorial richness of
climate, to include complementing isotherms with evocative texts and images about the
ephemeral experience of weather (personal experience and interpretation) and exploring
climate through sensorial experience and making conscientious records about it
(immersion).
Images like the Naturgemälde, isothermal maps, and climate classifications have
performed their purpose of fostering a global understanding of climate, which should
certainly be recognized and applauded. But at the same time, they have caused a process
of abstraction where climate represented to its simplest expression overshadowed real
climate. Precision became more important than appearance, rationality was given more
prestige than feeling, and quantitative data was valued over qualitative experience, as was
a global view over a local view. In a more indirect way, Lavoisier’s technique
overshadowed Goethe’s aesthetics and sensibility. What are the implications of climate
drawings for fulfilling utilitarian purposes such as managing the environment or certifying
buildings? And what could be gained by nurturing isothermal or bioclimatic charts with
the evocative essence of the Naturgemälde, or by developing completely new types of
climate drawings that provide the designer with information about the climate’s qualitative
dimension?
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Role of climate drawings in architecture
The “power of science is due not so much to an unmediated access to the truth as to an
unprecedented control over space . . . science is a form of knowing and acting at a distance,
where there are increasingly tightly woven relations between a . . . ‘center of calculation’
and myriad distant places and objects” (Latour 1987, cited in Naylor 2006, 408). Science
eventually allows standardization, professionalization, and certification of the “local,”
detaching itself from place and allowing remote control of other places. Images and maps
of climate and weather, bioclimatic methods, and sustainability ratings are used to
legitimize architectural “design-with-climate” that is created off site by designers who lack
firsthand experience with the specific location but are very skilled in the science and
technology of designing with climate. The science of designing with climate becomes a
form of knowing (climate maps) and acting (building) at a distance, with increasingly tied
relations between a center of design (the architectural firm) and numerous distant places
and climates. Even though this approach increases and improves knowledge about those
distant places and climates, that knowledge can be incomplete or biased because of the
impenetrability of the center of design caused by a reduced and homogenous group of
researchers or designers, and because those distant places can lose their self-determination
to explore, understand, and construct themselves after being controlled at a distance.
A case in point, the Danish office of architectural firm BIG, with their second book, HOT
to COLD: An Odyssey of Architectural Adaptation (2015), chose to show their climatic
evolution rather than their chronological progress. The book’s cover shows a smooth and
seamless isotherm with two words—hot/cold, a fundamental duality against which living
beings are particularly vulnerable as hot and cold denote temperatures that can become

156

truly uncomfortable and even fatal in their extremes. The book contains an image that plots
the firm’s practice across an isothermal world map using a color gradient. The map’s
distribution of colors creates inaccuracies, like representing the entire equatorial tropics of
South America with red, which would suggest that the cold highlands of Chimborazo were
also torrid; all of which seems to suggest the map was not meant to be climatically precise,
only illustrative. The book hints that perhaps from now on, the measure of architectural
success won’t be just a global practice, but one with a full climatic range. It seems as though
BIG is on its way to designing a project for each climate of the world, something that
multinational chains have done for a long time by relying on HVAC. In contrast, BIG is a
firm doing that for the first time with what is marketed as quality climatic design. Their
projects, which are created off site by designers who lack firsthand experience with specific
climates, are produced and legitimized by the use of instruments like isothermal maps, sunpath diagrams, wind roses, and ratings to certify sustainability. The legitimacy of this
approach per se is not being questioned, but I argue that it is incomplete if it does not also
try to factor in the unique sensorial experience of climate, due to the fact that isothermal
maps and other similar tools are inherently contradictory, conveying knowledge about
global climate while reducing the local uniqueness of climate into bits of information that
later can be manipulated, certified, or tagged.
Humans make sense of the world through their senses, and the uniqueness of climate is its
sensorial impact felt through sun and snow, or heard in thunder and wind, or smelled
through rain and mist at a moment in time and place. The experience of climate, despite
having yearly and daily patterns, ends up being subjectively unique, an aspect not
represented in climate maps as their focus was and still is on sight, and because the climatic

157

components that are displayed are only those that can be quantitatively measured. Despite
the inherent abstraction of the Naturgemälde, it was born also from a desire to capture
subjective feelings towards a place and to replicate that place’s spell on the imagination.
Climate, with both its delightful and terrible faces, was “magnificent” for Humboldt
because it “inspired and exhilarated” him precisely after leaving his body “Bloodied,
frozen, exhausted, nauseous, [and] out of breath” (A. Sachs 2006, 356). Climate and
weather are immersive, perceivable, dynamic, and not clearly visible phenomena that
complete the human environment, deeply affecting body and mind through the duality of
hot and cold, humid and arid. Precise climatic representations are necessary to “address the
central architectural challenge of our time: combating climate change through the design
of low-energy buildings” (Whitsett and Matt 2018, vi); yet Goethe and Humboldt’s use of
appearance to include imagination in scientific research becomes pertinent. To bring
architecture closer to nature, the rational bioclimatic method should include qualitative
information about climate (subjective interpretations, emotional responses, and sensorial
richness) through new images that stand out in a context of visual saturation.
New drawings of climate
“The world is complex, dynamic, multidimensional; the paper is static, flat. How are we to
represent the rich visual world of experience and measurement on mere flatland?” (Tufte
1990, cited in Romanowski 2008, 165). The problem, according to Tufte, is “how to
communicate information through the simultaneous presentation of words, numbers, and
pictures” (Tufte 1982, cited in Romanowski 2008, 165). Tufte’s questions evoke the
conundrum that is attempting to draw the sensorial and visceral experience of climate and
weather. It is worthy looking back to Humboldt and Goethe’s “way of science,” because it
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not only “offers hope for lessening the modern alienation from nature that . . . diminishes
the beauty and joy of human life” and “fuels environmental irresponsibility and apathy”
(Goethe and Miller [1790] 2009, xi). It also offers inspiration for new images and drawings
that can capture climate’s unmeasurable qualitative experience through two approaches:
personal experience and interpretation, and immersion.
Personal experience and interpretation
Among Olgyay’s exact instruments, some evocative drawings appeared sporadically too.
One is a wordless/colorless 1948 cartoon by artist Anatol Kovarsky published in New
Yorker Magazine (figure 24a) is found in Victor and Aladar Olgyay’s book Solar Control
and Shading Devices (1957). It depicts two humans sleeping under the shadow of a cactus
in a desert, with their bodies twisted according to its shape. The iconic shape of the cactus
suggests that it is a Saguaro of the Arizona desert in the United States (figure 24b).
Paraphrasing Erwine (2017, 4), these are simple lines describing a simple scene, but the
image transcends the scene to evoke the powerful sun behind the cactus, telling and feeling
much more than any text would allow. One may sense the coolness of the ground under
them, or the brightness of the desert; one may be hit by the understanding that at the end
we are just fragile bodies that need refuge from the elements, or that in our fragility our
delight and comfort can be caused by something as modest as a little shade in the right
place. One might realize the significance of the Saguaros in the landscape of the Arizona
desert next to the insignificance of the native americans in the human landscape of the
region. And perhaps one can see the subtle unity beetween man, land, and climate in this
simple cartoon that contains powerful and deep knowledge of the local place in a broader
sense that goes beyond just temperature.
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Figure 24. Fragility of the body against climate (a) “Two natives lie in the shade of a cactus plant” (Anatol
Kovarsky/The New Yorker Collection/The Cartoon Bank; (b) Saguaro cactus in Arizona (Photograph by author, 2019).

Continuing Erwine’s interpretation, these meanings arise from the drawing and yet they
cannot be found within it. Instead, they arise from the interaction between the entirety of
the drawing and each observer. One cannot merely see the drawings or diagrams, one has
to inhabit them in order to experience and understand this complexity (Erwine 2017, 4).
Another evocative image among Olgyay’s archives is a double-faced sun (figure 25), the
origin of this sun is attributed to Swiss architect Le Corbusier in the book Solar Control
and Shading Devices (Olgyay and Olgyay 1957, 76) that suggests the delightful and terrible
faces of climate, against which humans are insignificant but on which they are completely
dependent.
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Figure 25. Sublime and terrible sides of climate and weather in Le Corbusier’s sun (Victor Olgyay Collection, Box 6
Folder 8).

A final example of Olgyay’s appreciation of evocative images is a photograph of a naked
child protected under the intimate shadow of his straw hat (Olgyay and Olgyay 1957, 18)
(figure 26a). One can infer that the child is in the tropical equator because of the
perpendicular shadow under a sun in the highest position of the sky. One might see the
round shadow under the child as the planet earth upon which he/she stands. One might
perceive the dryness of the soil and the power of the sun outside the hat, sensing the fragility
of the skin. One may perceive the simplicity of the hat, a vernacular design passed through
generations, and one might even perceive the delight of that self-carrying oasis because
without a scorching sun, the hat could not create the shadowed refuge. In 1979, a book with
its cover showing a straw hat floating over a black background (figure 26b) came out under
the suggestive title Thermal Delight in Architecture (Heschong 1979). Lisa Heschong
wrote this seminal book about the sensorial qualities of climate, focusing on the dualities
of hot/cold and dry/moist. Heschong did not use any images other than the hat; she
described climate through words and through evocative narrative.
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Figure 26. Olgyay’s hat against Hechong’s hat. (a) Photograph by © Werner Bischof/Magnum Photos. (b) Cover
of Thermal Delight in Architecture by Lisa Heschong, published by The MIT Press ©1979 MIT.

Heschong and Olgyay’s hats represent the experience of climate at a human scale, and
despite not including any quantitative measurement, both convey the hot climate and the
cooler space in the shadow. For an off-site designer unfamiliar with a specific place, what
image would convey climate more accurately, an isotherm or the image of the hat? (figure
27). The isotherm gives an expert audience long-term precise climate data, while the hat
conveys to a non-expert audience information about a particular weather experience. A
designer reading climate only from the hat might think that shadow is needed all day long,
however, by comparing it against two isotherms with different microclimates but from the
same latitude, it is revealed that the hat is giving incomplete information, because there are
places that can be hot at noon, needing shadow, but the rest of the day being colder, needing
heat.
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Hot climate: cooling needed all day

Hot climate only at noon with cold
nights and mornings

Isotherm Ecuador-Guayaquil

Isotherm Ecuador-Mindo

Figure 27. Evocative image against isotherms (Image arranged by author). Isotherms on right and left made with eClim excel software (Evans and Delbene 2004); Photograph in the middle by © Werner Bischof/Magnum Photos.

Not using an isotherm might cause very serious design flaws; however, a designer who
only uses isotherms could mechanically choose a standard solution for an acceptable
climate-adapted building, but overlook inspiration. The hat can nurture isotherms with
unexpected sources of inspiration, asking the designer to think about the fragility of the
child’s skin or the dryness of the soil and how that can stir a more moving architectural
expression. The beauty of the human condition in the image might inspire the designer to
replicate the shadow’s delight, or, the dry, hard, and barren soil might inspire the designer
to treat it with care, covering it from the sun and providing humidity for vegetation to grow.
Even though isotherms reduce climate to flat lines and colors, in reality, the atmosphere,
the celestial dome, and climate should be seen as intangible and dynamic volumes; as
masses or bodies of air with certain humidity and temperature. This volume of air
immerses, surrounds, and enters the body and the built environment. In this example, the
hat and the shadow produced by the hat are connected by a volume of cooler air that
protects the body and where delight happens precisely because it is surrounded by hotter
air. Thus, the better approach would be to work with both images—precise isotherm and
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evocative hat—enriching quantitative science with human imagination and qualitative
experiences, closer to the essence of Humboldt’s pictorial science.
When Heschong wrote her book, architecture was averaging comfort using mechanical
means, trying to provide the same inner climate for everyone, everywhere; a “thermal
beige” (Wing, cited in Erwine 2017, 116) where the desire to guarantee “healthy interior
environments for all . . . set the stage for boxing our world into a narrow range of acceptable
temperatures” (Erwine 2017, 116). Delight became impossible because it needed the
transition between warmth and coldness to be felt. “The only way to experience pleasure
is to move from a state of discomfort to a state of comfort” (Erwine 2017, 118) (figure 28).
So, aiming for a perpetual state of comfort not only is analogous to preferring survival to
blossoming, but also can promote boredom, dullness, or even claustrophobia.

Figure 28. Cycle of thermal delight that happens in the transition between comfort and discomfort (Drawing by author).

The architectural notion of an ideal climate and a “comfort zone” (Olgyay 1963, 17) came
from research in the 1950s about physiological systems and the stresses of the environment,
which studied “the effect of climate on animals” (Herrington 1950, 87). The thermal
preferences of animals began to be tested, inferring the reaction of rats in temperature
tunnels; the results were presented at the same conference at which House Beautiful
magazine and the AIA presented their climate portraits (National Research Council 1950).
Rats were used to show how climate modified life span, form, and productivity, meaning
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that some climates were energetically more expensive (required more energy) for the body
(Herrington 1950, 88). Thus, studies focused on metabolic efficiency instead of
stimulation, catalyzing the comfort zone and defining architecture’s goal as reducing
thermal dissatisfaction, not increasing delight. This comfort zone treats all individuals
equally and reduces comfort to a purely physiological equation, raising the question of
whether the emotional state of the rat inside the tunnel was considered. Like rats, humans
can survive in the thermal beige, but are they stimulated to blossom? As Erwine asks, “is
the goal of comfort enough? . . . What about celebration, pleasure, and delight?” (Erwine
2017, 117). “When thermal comfort is a constant condition, constant in both space and
time, it becomes so abstract that it loses its potential to focus affection” (Heschong 1979,
36). Thus, places with strong climatic contrasts had historically focused emotional
attachment towards them: a bonfire and an oasis provide fundamental contrast between hot
and cold. Metaphorically, the red fire contrasts with the blueness of the cooler exterior,
while the blue oasis contrasts with the redness of the hotter outside; architectural
equivalents of Goethe’s dualities.
Another way of nurturing isotherms is through evocative text, instead of images. If
Humboldt built isothermal maps from many small, dispersed meteorological
measurements, the same could be done using written records of qualitative climatic
experiences—a systematization of lively descriptions of those delicious, ephemeral
weather moments that made the cut into literary posterity (figure 29). Let’s take one of
Humboldt’s descriptions of climate and weather at the equator and plot it over the isotherm
of the place where he experienced it:
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It was one of those clear and deliciously cool nights so frequent beneath the
tropics. The moon stood high in the zenith, encircled by a halo of coloured
rings, her rays gilding the margins of the mist, which in well defined outline
hovered like clouds above the foaming flood. Innumerable insects poured
their red phosphorescent light over the herb-covered surface, which glowed
with living fire, as though the starry canopy of heaven had sunk upon the
grassy plain. Climbing Bignonia, fragrant Vanillas, and golden-flowered
Banisterias, adorned the entrance of the cave, while the rustling palm-leaves
waved over the resting-place of the dead (Humboldt [1808] 1850, 173).
It can be speculated that this moment happened in any month with 26-28 degrees Celsius
and humidity of 80% at around 9:00 p.m., allowing us to identify a related point in the
isotherm. The isotherm is made from humidity and temperature data, while Humboldt’s
description includes much more nuanced climatic, natural, and sensorial components—
cool and clear night, moon, halo, mist, clouds, foam, insects, stars, grass, flowers, and
fragrances—that might inspire a designer to produce a space that, besides being
comfortable all year long, can accentuate ephemeral moments of climatic delight.
For Humboldt, speech was powerful as it acquired “life from everything which bears the
true impress of nature, whether it be by the definition of sensuous impressions received
from the external world, or by the expression of thoughts and feelings that emanate from
our inner being” (Humboldt [1808] 1850, 192).

Figure 29. Lively description (Humboldt [1808] 1850, 173) plotted over isotherm made with e-Clim excel software
(Evans and Delbene 2004). (Image arranged by author).
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Another way to rethink isotherms is by returning to Humboldt’s isothermal world map
from 1848. Olgyay mostly used variations of isothermal maps in their most abstract
versions, but isothermal world maps did appear in his last book, Design with Climate:
Bioclimatic Approach towards Regionalism (1963), to give context to readers. Olgyay
included a variation of Köppen’s climate taxonomy. Where Köppen classified climate
according to its relationship with plants, Olgyay did so according to its relationship with
“native” architecture (Olgyay et al. [1963] 2015, 6). Olgyay mentioned the work of French
geographer Jean Gaspard Dollfus, who attempted to map the spatial distribution of native
dwellings defined by climate zones in the book Aspects De L'Architecture Populaire Dans
Le Monde (1954). Dollfus concluded that “allowing for some variation in local taste and
tradition [like superstitions, religious beliefs, or cultural norms], the general forms of
[traditional] native habitation are born of the climate” (Dollfus 1954, cited in Rastogi 2016,
12). Dollfus’s mapping6 revealed a convergence among the form, material, and design of
built environments in regions that were climatically similar but geographically separated.
But, even though Dollfus “mapped” the spatial distribution of dwellings, he did not produce
a map. Instead he grouped similar buildings together on pages in his book (figure 30a).
Olgyay used Dollfus’s idea to produce an incipient map, plotting the distribution of four
representative native roof types over the outline of continents and suggesting that buildings
were the formal expression of the climate of any place (figure 31b); this regional
architectural character was being lost under the pressure to standardize spaces, inner
What Dollfus found was a process called today “convergent evolution,” which guided the construction of
native built environments (Rastogi 2016, 12). This process caused in nature that “unrelated or distantly
related organisms evolve similar body forms, colorations, organs, and adaptations” (Pianka 2008, cited in
Rastogi 2016, 12).
6
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climates, and/or consumers. The “average comfortable man” overshadowed the importance
of the specific cultural formations and associated architectural expressions that responded
to those climates. There are interesting examples of “places whose thermal qualities
reinforce their significance within the culture,” such as “Islamic thrones, Roman thermae,
Indian stone temples” (Heschong 1979, 65) on a grandiose scale, or a porch swing on a
more intimate scale.
The American porch swing is another interesting example. The creaking,
wood-slatted swing out on the front porch may now be something of a cliché
as a setting for courtship in the South, but until the availability of air
conditioning, it was a thermal necessity. The swing was a most effective way
to get a bit of cooling ventilation to relieve the heat in the still, sultry nights
of the American South. In place of fanning oneself, the gentle swinging
moved air past the entire body with very little effort expended. It is a little
wonder that such a pleasant system of cooling provided a favorite place for
visiting and courting (Heschong 1979, 34).
Producing more precise isothermal world maps that are specifically indexed to local
vernacular construction could more accurately show the distribution of climatically
adapted buildings and show the cultural experiences that have developed alongside those
spaces with strong climatic qualities.
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Figure 31. Comparison of Dollfus meticulous “mapping” without a map of native architecture according to climate
against Olgyay’s cursory map of the distribution of native roof types. (a) Representation of a sample page of Aspects
De L’architecture Populaire Dans Le Monde (Dollfus 1954) (Drawing by author); (b) Typical occurrence of
indigenous roof types as presented in Design with Climate (Olgyay et al. [1963] 2015, 6).

Immersion
Humboldt’s early climate drawings were a result of his explorations, and exploration can
still enrich climate drawing, but not the indulged and oblivious tourism that is common
nowadays. Instead, a conscientious exploration that combines scientific discipline with
personal experience is needed. Erwine suggests that a real exploration for designers would
be to go out and immerse themselves in sensory places [climates and weathers] which have
not been standardized nor regulated; immerse in a “full-body experience” and transmit this
“embodied knowledge forward into future design processes” (Erwine 2017, 38,39).
Climate and weather, themselves a duality, can only be understood by directly experiencing
them, as then, measurable climatic components such as temperature, humidity, light, sun,
wind, and rain cannot be disaggregated from other sensorial elements such as sounds,
colors, textures, and aromas.
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Erwine proposes some steps for a climatic/weather immersion: 1. observe, 2. note feelings,
memories, emotions, and dreams that are evoked, and 3. note attractions and repulsions
(Erwine 2017, 38). Beatley’s form of immersion calls for the equivalent of becoming a
native architect who is sensible to the “nuances of weather, ecology, and the nature around”
(Beatley 2008, 287). He recommends joining local bird, plant, or astronomical clubs;
carrying equipment like butterfly nets, telescopes, and thermometers; producing a journal
to identify and record climate/biological/architectural phenomena; and even living in a
place to crucially experience its weather and climate (Beatley 2008, 288).
Nevertheless, poetical forms of capture or record climatic experiences (climatic notation)
like paintings, photographs, poems, journals, and sketches should not be strictly classified,
categorized or ranked as they are all valid in order to register and share what immersion
has taught about climate and about oneself. As Schelling and Humboldt suggested, the
external physical world has to be united with the internal world of the self in order to find
our place and make sense of nature in its full complexity. Minor events such as
contemplating the shape of a plant, a mountain, or stars while doing scientific work in
South America could spark a memory of Europe in Humboldt. “Memories and emotional
responses” triggered by immersion in a place became important for him, as they “would
always form part of man’s experience and understanding of nature” (Wulf 2015, 54).
Immersion in climates can stir old memories in designers, allowing their personal universes
of dreams and fears to personalize a design, and allowing their physical experiences to
nurture the design. By doing this, the utilitarian approach of climatic architecture could
gradually shift towards a “dialogue” of our inner worlds with an earth sheltered by climate.
Immersion is not the quick and superficial visit of a tourist. Instead it requires becoming
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local for a considerable amount of time during which sensorial experiences can be
consciously involved, fostering emotional attachment (affection) towards climate and
nature.

Conclusions
This article examined the origins of drawing the phenomena of climate and weather
through a comparative analysis: the Naturgemälde (1807) and isothermal maps (1878 and
1848), both done by the Prussian naturalist Alexander von Humboldt, and climate portraits,
and bioclimatic charts (1954) made by Hungarian architect Victor Olgyay.
The images were analyzed using as measuring tools the concepts of appearance and
exactitude, as Humboldt understood them. This led to the understanding that the fusion of
science and art, and of quantitative facts with qualitative interpretations, might produce
new images of climate that, besides contributing to solving climate change, have as goals
the introduction of joy and beauty in human lives through the built environment. Reason is
not enough to care about our environment, neither is it enough to produce buildings that
bring people closer to nature, climate, and weather. To do so, affection or emotional
attachment should be introduced into the design process, for which new ways of drawing
the complex, dynamic, and sensorial experience of climate are needed. This article merely
outlines and suggests two approaches: personal experience and interpretation
(complementing isotherms with evocative texts and images about the ephemeral
experience of climate, in other words, paradoxically mapping the experience of climate),
and immersion (exploring climate through sensorial experience and making conscientious
records about it). It is probable that less fixed and precise, and more evocative and

171

suggestive, images about climate might produce a less standardized built environment that
focuses attention on climatic anomalies and creates places for pleasure and delight for the
senses; recognizing climate and weather’s potential as a material of design, instead of just
reducing it to a utilitarian measurable number.
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PACKAGING NATURE FOR ARCHITECTS: EARLY ORIGINS OF
DESIGNING WITH NATURAL MORPHOLOGY AND CLIMATE
Abstract
This article focuses on how ideas travel between disciplines, specifically from
environmental sciences to architecture. It uses the concept of “hybrid off-the-shelf
packages” to explore how knowledge moves between domains in artistic and visual media
to increase the cognitive proximity between researchers. These hybrid packages of
scientific information transport environmental knowledge while also enabling its
replication through the standardization and commodification of nature. This article
analyzes two cases: zoologist/artist Ernst Haeckel’s Art Forms in Nature booklets
(published from 1899 to 1904), which delivered knowledge about natural morphology, and
architect Victor Olgyay’s bioclimatic chart and schematic bioclimatic index (published in
1953 and 1963), which delivered climatological knowledge. The article compares how
these packages were made, how they traveled, and what their subsequent influence was on
architectural trends toward designing with climate. Packages like the ones analyzed reveal
that architecture shares with the natural sciences a common language based on the intrinsic
morphological and procedural beauty that exists in nature, which can promote empathy,
respect, and even affection towards the environment during the process of making the
packages, as well as during their replication. The article concludes that the current age of
climate change requires us to develop new hybrid off-the-shelf packages that deliver
environmental knowledge to the arts and architecture. This would allow for the replication
and diffusion of good environmental practices and an increase in the number of responsible
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professionals, but more interestingly, the process of making the packages could also
produce unexpected, innovative, and practical applications.

Introduction
Between 1899 and 1904, the innate beauty of certain microscopic organisms was presented
to the public in extremely detailed drawings and striking compositions in the booklets Art
Forms in Nature, by Ernst Haeckel. Later, between 1954 and 1963, the invisible flows of
climate and man’s reaction to it was presented for architects in the instrumental bioclimatic
chart and schematic bioclimatic index, by Victor Olgyay. Both examples indicate that the
“act of seeing, the depiction of forms” can become the “means of acquiring knowledge of
nature” (Breidbach 1998, 13) when art manages to “dazzle and teach” at the same time
(Seaman 1998, 631). This article explores these two examples to understand how the use
of images helps environmental knowledge circulate from the natural sciences into the
humanities, particularly into architectural discourse and practice. To do so, it follows the
two case studies mentioned above, employing the concepts of “hybridity” (Goldman,
Turner, and Nadasdy 2010, 19), “standardized package” (Fujimura 1992, cited in Goldman,
Turner, and Nadasdy 2010, 12), and “off-the-shelf software packages” (Landström,
Whatmore, and Lane 2013, 683), to coin with them the concept of a hybrid off-the-shelf
package, a vehicle of information that allows exploration of how knowledge about natural
morphology and climate was delivered to architecture in visual and attractive mediums by
the end of the nineteenth century and the mid-twentieth century.
The article begins with a succinct literature review about a situated or local approach to
science in which the concepts of claimant, receiver, proximity, replication, information
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package, off-the-shelf, and hybridity are explained in detail in order to understand the local,
spatial, cognitive, and social processes that produce and diffuse scientific knowledge.
Situated science questions the assumption that scientific knowledge is universal and
placeless, arguing instead that “all knowledge is ‘local’ and culturally/socially contextual”
(Goldman, Turner, and Nadasdy 2010, 14). The main concepts from this situated
understanding are that knowledge is shaped first “in situ,” by the places in which it is
produced (such as laboratories or cities) and by the persons (including instruments, objects,
and methods) who made it (Finnegan 2008, 374), and second while it is “in motion,”
because to become accepted as a truth or as scientific, knowledge needs to travel or diffuse
between scientists and routes (Finnegan 2008, 378). According to Frenken, this dynamic
starts with source researchers who produce knowledge (claimants) and ends with
researchers or professionals who accept and further expand or use that knowledge
(receivers or evaluators), this last process is called replication. There is a distance between
claimant and receiver, called proximity, which knowledge must cover to be understood
(Frenken 2010, 6, 11-13). That distance can be physical (e.g., geographical closeness
between researchers), social (e.g., cultural, economic, gender, race, political, or even
personal affinity between researchers), and/or cognitive (e.g., educational or disciplinary
closeness that will give researchers the same language and perspectives) (Frenken 2010,
15-20). Therefore, the possibilities for replication grow by increasing proximity, and one
manner to do so is by choosing the right package for knowledge that allows a “rapid and
secure transfer of information, specimens, standards and expertise” (Finnegan 2008, 378,
379), meaning that an idea—a complex group of information and facts—needs to be
simplified into one whole that can travel easily in an attractive medium. These packages
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can be off-the-shelf, and/or hybrid. Off-the-shelf packages wrap knowledge in a way that
eases its circulation, transforming it into a standard product through a simplification of its
local particularities and a predefinition of its application. Hybrid packages are meant to
overcome dualities such as nature/society or art/science, allowing knowledge to travel
across disciplines (Landström, Whatmore, and Lane 2013; Goldman, Turner, and Nadasdy
2010).
As this article will show, Haeckel’s booklets Art Forms in Nature and Olgyay’s bioclimatic
chart and schematic bioclimatic index can be understood and classified as information
packages. These packages delivered cognitively distant environmental information for
architects in a language and a format that their idiosyncrasy as artists could understand.
Visual art merged with precise science, making these packages hybrid. Then, the packages
became accessible for a wide audience by making them purchasable mediums like
booklets, books, or software that could be taken right off the shelf, so to speak, to be applied
in the design of buildings. Also, their standardization allowed information to be simplified,
taking away some of its local peculiarities but making it more applicable everywhere.
Therefore, I argue that Art Forms in Nature and the bioclimatic chart and bioclimatic index
should be conceptualized as hybrid off-the-shelf packages. As I will explain later, these
packages are hybrid because they package environmental information in artistic visual
mediums, and they are off-the-shelf because they simplify the information so it can be mass
distributed.
Ernst Haeckel was a zoologist and artist who, for the first time, not only drew microscopic
marine organisms with outstanding detail, but more importantly presented them to a wide
audience as purchasable and collectable booklets under the suggestive title of Art Forms in
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Nature. This package conveyed complex environmental information about the genesis of
forms in nature, natural morphology, metamorphosis, ecology, and evolution using the
geometric and patterned beauty that existed in nature's microscopic scale. Beauty was the
language that reduced cognitive distance between the natural sciences and architecture,
showing that zoologists and architects/artists had in common an understanding of the
formal patterns of those organisms. The booklets also included suggestions about how to
use those forms for decorative and ornamental purposes. Haeckel got the inspiration to
conceive these packages from Alexander von Humboldt's early environmental thinking,
which was based on the necessity to merge art with science to truly understand nature.
Haeckel's packages became very influential; the beautiful forms of nature they displayed
were used by a philosophical impetus that wanted to reinsert nature into a growing
industrial society and built environment, nurturing a very opulent, organic (alive)
movement that was called Art Nouveau. This movement affected the arts and architecture
around the world with a chain effect of replications. Metaphorically, Haeckel's packages
gave to architects the secret of nature to bring cities back to life. The second package was
made by an architect for architects when Victor Olgyay took complex climatological,
biological, and physiological concepts and transformed them into one image that allowed
other architects to understand the climate of one place and its effects on a human body, and
to obtain architectural design suggestions. This image was the bioclimatic chart, in which
climate data was plotted on a grid with zones that indicated architectural climatic needs.
The image became the schematic bioclimatic index, a much more attractive version of the
chart that included a cartoon-like image of a man relaxing in a comfortable, controlled
climate. The chart had to standardize to a certain degree the richness and nuances of local
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climates and the architectural solutions that could be implemented, in order to reach a level
of generalization that was needed to make the chart applicable everywhere. The bioclimatic
index abstracted climate visually for architects, appealing to their artistic selves. It was first
introduced through professional and scientific conferences around 1953, then perpetuated
in Olgyay’s seminal book Design with Climate: Bioclimatic Approach to Architectural
Regionalism in 1963, to finally experience a chain reaction of replication when the chart
became part of off-the-shelf software for architects during the beginnings of globalization
and sustainability in the 1990s.
This article reaches the following main conclusions. With regards to architectural
knowledge specifically, it reveals that both packages contributed to the growth and
definition of two influential movements in architecture: Art Nouveau and bioclimatic
architecture. As regards the circulation of scientific knowledge, specifically, the behavior,
innovations, and implications of hybrid off-the-shelf packages, the article reveals that
increasing proximity can indeed increase the rate of replication of knowledge, but with the
danger that too much proximity can weaken that knowledge by incestuously replicating
itself (groups of scientists with too high proximity). However, this research observes that
when cognitive proximity is increased through hybrid packages between art and science, it
can avoid that incestuous self-replication by making knowledge attractive and
understandable for distant disciplines, exposing environmental knowledge to very different
perspectives, methods, and applications, and producing innovations that can be significant.
Both cases reveal that when environmental knowledge is delivered to artists and architects,
they can produce unexpected results, such as when Haeckel the artist sold as patterns the
microscopic research of Haeckel the zoologist, and when Olgyay the architect saw the
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utility of climatology for an architecture that had man's physiological comfort as a central
goal. By themselves, neither zoologists nor climatologists might have seen the artistic and
architectural value of their research. Not all climatic nuances and organisms could be
included in Haeckel's collectable booklets nor Olgyay's chart; it was unavoidable to
generalize and standardize to some degree the information about climate and morphology
in the packages in order to ease their delivery for architects and increase the possibilities
of replication and application. Without these generalized packages of information,
architects would not have had access to that environmental knowledge to begin with. In
both cases, the packages did not evolve further as they were meant to be applied widely
and creatively while maintaining their content and format.
Additional conclusions about the circulation of knowledge are about the need for
development of more hybrid off-the-shelf packages of environmental knowledge to the arts
and architecture, for two reasons. First, such packages can increase the replication of good
environmental practices and the number of responsible professionals. Second, the process
of developing the packages is interesting for its potential to catalyze unexpected, more
innovative, and practical applications, as well as to develop a deeper respect towards the
environment which could grow further into affection or empathy. The process of making
the packages is based on the common cognitive language that artists/architects share with
researchers of natural science. This language is nature's intrinsic beauty; its simple and
elegant design solutions at a morphological and procedural dimension.
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Knowledge Circulation
Science and the knowledge it produces are assumed to be universal, transcending place and
material

constraints,

meaning

that

knowledge

can

be

replicated

anywhere.

“Geographically, knowledge claims stem from research carried out in specific local
contexts, yet for the knowledge to become established as scientific it has to become
perceived as being ‘placeless.’ The global network of scientists and their laboratories
constitutes a ‘transportation infrastructure’ to replicate empirical findings from one place
to another” (Frenken 2010, 12). The assumption that science is universal goes back to the
“systematic experimentation” produced in the first laboratories of the seventeenth century
(Livingstone 1995, 20); however, this is being contested by the notion that “scientific
knowledge” is a “situated (cultural) practice,” a social construct, inevitably shaped by the
particular qualities of where it is produced, circulates, and is applied (Goldman, Turner,
and Nadasdy 2010, 14).
The concept of situated science began with Foucault’s rejection of the “comfortable”
dichotomy between true and false knowledge, as “both are embedded in discourses in
particular time-space arenas” where a battle for power occurs (Foucault 1989, cited in
Livingstone 1995, 6). “The specific, the partial, the located, the situated” positions
knowledge “in social space,” making science always a “view ‘from somewhere’” (Haraway
1991, cited in Livingstone 1995, 14). There is no original vacuum from where scientific
knowledge appeared, instead it shapes and is shaped by the social world constantly.
Knowledge cannot be the “objective reflection of reality” because it comes from “messy
and situated practices . . . that are shaped by particular historical, socioeconomic, political
. . . cultural” (Goldman, Turner, and Nadasdy 2010, 11) military, ideological, scientific,
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and even imaginative contexts (Said 1978, cited in Livingstone 1995, 7). Science can be
studied through the physical sites where scientists produce knowledge (“space of places”),
accompanied by the communication networks of exchange through which knowledge
circulates (“space of flows”) (Frenken 2010, 3), appearing “in situ” or “on the move,” the
last being the “intellectual, material or political” territories that science travels using “skill
sets, the regulation of bodies and instruments, and the face-to-face interaction of experts”
(Finnegan 2008, 372,373). Knowledge can be studied three-dimensionally as an “object”
(words, image); as “shaped on the move” (bodies, travels, mapping); and as shaped “in
place” (city, antiquities) (Naylor 2005, 626). Even human rationality becomes “located
reasoning” (Livingstone 1995, 13) or “situated rationality” (Wolterstorff 1983, cited in
Livingstone 1995, 14) because of its dependence on settings. As we need to comprehend
“the role of the spatial settings in the production of experimental knowledge . . . the
diffusion tracks along which scientific ideas and their associated instrumental gadgetry
migrate” and “the power relations exhibited in the transmission of scientific lore from
specialist space to public place” (Livingstone 1995, 16), the pertinent question becomes
one of “under what conditions a knowledge claim originating from one place becomes
accepted [thus replicated] as scientific [thus true] in other places” (Shapin 1998, cited in
Frenken 2010, 4). An answer comes from the concept of “proximity” (Frenken 2010, 13),
which is the “interaction between scientists who mutually judge the credibility of their
knowledge claims” (Frenken 2010, 13, 14) in three spaces: “cognitive, social, and
physical” (Frenken 2010, 4). Less proximity reduces the replication of claims. Proximity
uses two dualisms: claimant (who puts forward the claim) and evaluator or receiver (who
judges its credibility) (Frenken 2010, 14), in tandem with tacit and codified knowledge.
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Tacit knowledge is the “knowledge or abilities that can be passed between scientists by
personal contact but cannot be, or have not been, set out or passed on . . . diagrams, or
verbal descriptions and instructions” (Collins 2001, cited in Frenken 2010, 10); codified
knowledge is knowledge communicated in codified form (set of instructions) (Frenken
2010, 10). Because tacit knowledge is embodied in persons, it cannot be transmitted unless
it is codified, making tacit and codified knowledge complementary; however, because tacit
knowledge is embodied “it cannot be learnt from reading text alone,” making tacit and
codified knowledge rivals at the same time (Frenken 2010, 11, 18). Given that tacit and
codified knowledge complement each other, “proximity supports the replication of
codified knowledge” (Frenken 2010, 2). Physical proximity is the physical distance
separating scientists who interact or share resources (Frenken 2010, 19, 20). Social
proximity is the number of scientists that claimant and receiver have in common; the higher
the number, the higher the probability of replication due to the “reputational consequences”
or willingness to cooperate by sharing tacit knowledge (Frenken 2010, 19). Cognitive
proximity is the language between scientists, a disciplinary “code of communication”
between claimant and receiver that allows them to assess the credibility and utility of a
claim in coded form and to judge it “without any face-to-face interaction” (Frenken 2010,
15,16), allowing “virtual witnessing” (Shapin 1995, cited in Frenken 2010, 16). High
cognitive proximity appears in specialized subdiscipline communities that propagate
themselves by “training their own successors” (Frenken 2010, 17). But if proximity is
extremely high, science can become “incestuous” (Klein 2014, 227), meaning that
knowledge is produced by a limited and homogenous group in a close environment who
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share the same intellectual, cultural, social, and disciplinary worlds, excluding multiple
perspectives that could enrich or challenge knowledge.
“Focusing on how knowledge circulates . . . exposes the inherent multiplicity of knowledge
production” (Goldman 2010, 204) and highlights the “nature of the scientific enterprise
itself, which seeks to generalize . . . through the translation and packaging of knowledge
claims . . . for wide circulation” (Turner 2010, 300). So, the two components of how
knowledge travels are the proximity between claimant and receiver, and the package in
which knowledge travels. A knowledge package is a vehicle for information, or an
information group preassembled in one entity to perform a function, allowing science to
travel from place to place. “The successful packaging of information is key to
understanding how particular forms of knowledge travel in particular ways and with what
effects” (Goldman 2010, 207), defining circulation of knowledge in terms of replication
depending on the simplicity of the package. Simplicity metaphorically increases physical
proximity by creating a resource that can be shared easily. If the receiver will not come to
the claimant so to speak, then the package must go to the receiver. In the same way, social
proximity grows not by increasing the number of fellow scientists in common, but by
codifying and transporting tacit knowledge more efficiently; cognitive proximity is
improved by creating a code of communication that can be understood by disciplinarily
distant claimants and receivers, allowing interdisciplinary replication.
Packages can also be standard products that prepare tools, instruments, theories, and
methods for circulation. A standardized package (Fujimura 1992, cited in Goldman,
Turner, and Nadasdy, 2010, 12) creates less interpretable or ambiguous knowledge, with
sufficient shared language to allow a conversation between different social or disciplinary
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worlds. Drawing on Landström, Whatmore, and Lane (2013), who addressed customers of
knowledge, professional service providers, and standardized products in the context of
computer simulation modeling, we could say that off-the-shelf packages provide expert
knowledge to clients, transforming the receiver into a customer of knowledge, the claimant
into a “professional service provider” who is able to “develop and deliver intangible
solutions to client problems” (Morris and Empson 1998, cited in Landström, Whatmore,
and Lane 2013, 683), and knowledge into standardized products in a market. Local
particularities have to be lost to make knowledge general enough to increase replication;
off-the-shelf packages are meant to send knowledge as applied sciences, not as research
with a fixed form for predefined applications that can speed up replication. Both packages,
off-the-shelf and standardized, can travel (thus replicate) rapidly, causing a movement, a
trend, or a “bandwagon effect” when they gain momentum (Fujimura 1988, cited in
Goldman, Turner, and Nadasdy 2010, 13).
The last relevant concept in situated science is hybridity (Goldman, Turner, and Nadasdy
2010, 19), which transcends, or rejects the ontological dichotomies of: local experience
and expert science (in political ecology and science studies made about postcolonial
techno-science) (Phadke 2010, 246), local and global scales, nature and culture, theory and
practice (Rocheleau 2010, 217), fieldwork and laboratory (Kohler 2002, cited in Finnegan
2008, 380), human/nonhuman, . . . technological/natural/human domains (Whatmore 2002,
cited in Goldman, Turner, and Nadasdy 2010, 13), nature and society (Galt 2010, 229), or
function and beauty, and instead argues that all those dualities inherently “exist in hybrid
networks of associations” (Galt 2010, 229) where each component “is not independent, but
is instead made to be the way it is by virtue of its relationship to all the other parts” (Robbins
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2007, cited in Galt 2010, 229, 230). Hybridity also has a material dimension when a
package is at the same time “words, text and image” (Naylor 2005, 626). Therefore, the
complex space between universal and situated science in its many dualities is inhabited
better by hybrid approaches.
A knowledge package is meant to increase proximity, causing a chain reaction of
replication. An off-the-shelf and standardized package increases physical and social
proximity by providing diverse receivers with easily consumable knowledge from a
trustable scientific source, and a hybrid package increases cognitive proximity by creating
a common language between receivers in distant disciplines.
An interesting case of study within the debate of universal and situated science is the
environment, because of its complex behavior at global and local scales. Understanding
the scientific production, circulation, and application of knowledge about the environment
is a growing literature within the study of science, whether it is from a geographical,
technological, or ecological approach (Goldman, Turner, and Nadasdy 2010). This focus
is disrupting persistent boundaries and ontologies by challenging the assumptions that
knowledge about nature is universal, and that nature and society (or environment and built
environment) are two separate entities. There is a research gap in studies about the
circulation of environmental knowledge into the humanities, specifically into architecture,
and about hybrid off-the-shelf packages and their capacity to increase proximity. This gap
should be studied further for its implications to create a nature-science-society interface
that can bridge, theoretically and practically, the pervasive ontological separation between
the natural and the built environments.
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As a contribution to reducing the gap, this article presents a study of two cases of hybrid
off-the-shelf packages that transported environmental knowledge to architecture: the series
of booklets Art Forms in Nature made by zoologist/artist Ernest Haeckel between 1899
and 1904 and the bioclimatic chart and index made by architect Victor Olgyay between
1953 and 1963. The article reviews how the packages were made, how they traveled, and
what further influence they had.
Both cases reveal how consciously designing packages to deliver environmental
knowledge for architects by increasing cognitive proximity with hybrid mediums between
art and science can produce innovations in the built environment, with the potential to
reduce the dichotomy between natural and built environments. Because of their hybridity,
these packages increase proximity but avoid incestuous self-replication, and because they
are designed to be taken off the shelf, they can cause a chain reaction, a critical number of
replications that can produce a new movement.
First case: Art Forms in Nature booklets
This section deals with the circulation and influence of Ernst Haeckel’s package of
environmental knowledge, explaining its characteristics as off-the-shelf knowledge (as a
set of serialized affordable booklets) and its relationship to Alexander von Humboldt’s
concept of hybridity that merged visually stunning hand drawings to deliver knowledge
about natural morphology. In combination, these characteristics allowed the package to
increase cognitive and physical proximity.
At the very end of the nineteenth century, environmental subjects about the genesis of the
form in nature, natural morphology, metamorphosis, ecology, and evolution were delivered
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to artists, designers, and architects through a magnificent series of collectable booklets
called Kunstformen der Natur or Art Forms in Nature, containing black-and-white and
colored illustrations of never before seen microscopic marine organisms. These
illustrations were scientifically accurate, remarkably beautiful, and made for consumption,
and they came with particular instructions for application, making them examples of hybrid
off-the-shelf packages.7
How the package was made
The package of booklets was made by an important figure in environmental history, the
zoologist/artist Ernst Haeckel (1834-1919), who is relevant for becoming “one of the
leading natural philosophers of his era” (S. Wulf 2018), and for coining the new concept
of ecology (oikos, from oikology, meant house), supporting Charles Darwin’s evolutionary
theory, and warning about the increasing specialization of scientific disciplines in his 1866
book General Morphology of Organisms (A. Wulf 2015, 306, 307).
Haeckel looked for a project in which he could merge his drawing talent and artistic
sensibility with his zoological scientific work. The microscope offered him the solution by
revealing the unexpected beauty of the structure of a single-celled marine invertebrate he
was studying. Radiolarians “looked like delicate works of art” (A. Wulf 2015, 304) because
of their “exquisite . . . ornamental morphology” (Breidbach 1998, 9). To give some sense
of scale, radiolarians are smaller than the head of a “standard 0.65mm diameter
dressmaking pin” (Miller 2012). Haeckel obtained his original samples from the radiolarian

This section relies upon the work of historian Andrea Wulf who is recognized for tracing back the work of
Alexander von Humboldt and his influence over how modern environmental knowledge was constructed,
or how we see nature today (A. Wulf 2018).
7
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ooze [a deep-sea mud] of the central Pacific Ocean, from the Challenger Expedition; he
subsequently wrote the seminal monograph from 1887, Report on the Radiolaria collected
by H.M.S. Challenger during the years 1873-1876 (Aita et al. 2009, 36). Haeckel illustrated
those organisms in plates which he carefully designed for the public (figure 1a), “his idea
was that the classification of organic forms would exhibit a series of ever-increasing
complexity,” a “continuous history of life forms” (Breidbach 1998, 9). In addition to
radiolarians, the plates contained illustrations of medusa (jellyfish), echinoderms (sea
urchins and star fish), snails, ammonites, ferns, orchids, and even some mammals (but only
showing the ornamental parts of their faces such as the horns of antelopes, or the ears and
nose structures of bats) (Breidbach 1998, 11). The plates were innovative in precision and
appearance. First, they managed to reveal with scientific precision an otherwise
impossible-to-see smaller dimension of nature before photography was available, and
second, those outstanding hand-drawn illustrations displayed an unseen nature with a
marvelous compositional aesthetic. Regarding the first point, it is true that drawing nature
for scientific purposes had existed for some time, with examples in botanical art (figure
1b) since the eighteenth century; before photography was available, botanists on scientific
expeditions were accompanied by artists (Compton 2016, 8), or they had to sketch their
specimens themselves with pencil and paper. However, these botanical illustrations
presented a very visible, external view of nature; even if the plants displayed were exotic,
they were still plants. In contrast, Haeckel’s microscopic illustrations showed a part of
nature that could not be seen using normal sight. The exceptional precision and accuracy
with which Haeckel recorded and hand drew the organisms is astonishing to this day, even
in comparison with high-resolution electronic microscope images or nano-photography.
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Regarding the second point, where botanical illustrations displayed plants as they actually
looked, Haeckel made the aesthetic choice of arranging various organisms in one plate in
an almost symmetrical and rather unnatural stiff position that highlighted the geometry of
their structures and shapes. Olaf notices that in the case of most radiolarians, Haeckel did
not depict the entire fragile creature nor its relationship to its environment, something that
is difficult to draw because it is in living motion; instead he precisely drew the “individual
structural peculiarities” of the bodies and skeletons of radiolarians, something that was
easier to draw after a “process of preservation” that made them static (Breidbach 1998, 11).
Each plate that Haeckel presented went beyond being a mere taxonomical zoological
device; it became a work of art at first sight. The plates were ordered according to the
constructive and geometric composition of the organisms, placing embryonic microscopic
organisms next to more evolved plants and animals to reveal by comparison the geometric
shapes and natural forms that they shared. This contrasting composition hinted at the notion
that a unity existed between all living beings. Where botanical art was usually placed over
clear backgrounds, Haeckel used white and gray lines contrasting over a black background,
emphasizing the geometry even more. Therefore, each plate conveyed the notion that
despite living organisms being different on the outside, they were united by a hidden and
essential geometry that guided how forms in nature evolved. “Every plate is an example, a
sample and collection piece which, in its mere existence, explicates the concept of organic
symmetry” (Breidbach 1998, 12). These meanings, which were groundbreaking at the time,
arose from the illustrations in the plates and yet they could not be found within them.
Instead, they arose from the interaction between the plates as a whole and each observer.
The conspicuous beauty that the plates created from the organisms was the hybrid
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mechanism to deliver environmental knowledge to non-expert audiences and most
importantly to artists/architects, overcoming a nonexistent cognitive proximity. Beauty
became the language in common. Even the title Art Forms in Nature reflected Haeckel's
preoccupation with introducing art and beauty into scientific research about the
environment, conveying the notion that art, a quintessential human activity, is also
produced by nature. Art refers to something (objects, paintings, sculptures, drawings) that
is not ordinary, made according to aesthetic principles to become appealing and significant.
Art is placed among the highest expressions a human can achieve, therefore it cannot be
produced by everyone. But Haeckel’s research showed how nature had always been
capable of producing such transcendental expressions, following aesthetic principles at its
smallest scale; Art Forms in Nature conveyed that Nature was the legitimate teacher of
beauty, the master designer, or in the same way, that the highest or most beautiful
expression that a human could aim for was present abundantly in nature.

Figure 1. Comparison of Haeckel's illustrations against botanical art. (a) Haeckel’s plates 31 and 61 (Ursula Freire
personal archive); (b) Botanical plate (Chaumeton 1815, 78) held at the Missouri's Botanical Garden’s Peter H. Raven
Library (Photograph by author, 2016).
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Haeckel’s emphasis on the role of art and beauty over environmental science links back to
the early holistic constructions of nature and environmental thinking of Alexander von
Humboldt, “one of the most influential public intellectuals of the nineteenth century”
(Zimmerer 2006, 335). Since childhood, Haeckel had read Humboldt’s writings, coming
to admire his vision of nature, and being particularly inspired by an idea included in
Humboldt’s last book, Cosmos: “knowledge, science, poetry and artistic feeling” were
united, making imagination a crucial component of a true understanding of nature (A. Wulf
2015, 298). This idea actually came from Humboldt’s friend, the poet Johann Wolfgang
von Goethe, who argued that the scientific enterprise needed to be enriched with emotions
and subjectivity, something to be achieved using the arts (A. Wulf 2015, 38). As a result,
drawing became for Haeckel “the best method of understanding nature,” as it allowed him
to learn and see the deeper secret of nature’s beauty (A. Wulf 2015, 304).
Alexander von Humboldt made conceptual, theoretical, and instrumental breakthroughs,
but he also recognized the importance of improving the circulation of knowledge, founding
networks for scientists and knowledge while developing early packages that were hybrids
in the sense of merging images/text and hard data/art. These packages were designed to
bridge the science/society interface with art and beauty as a common language and a wide
and easy access; thus, off-the-shelf. Humboldt believed that the only way to advance the
study of the natural world was by attracting more people to the sciences, consequently his
focus on improving the circulation of knowledge. It is important to note that Humboldt
understood nature in a new way, where humans were inseparable from the environment.
This was an idea developed during field research in the Spanish colonies of equatorial
South America between 1799 and 1803, where he was exposed to perhaps the greatest
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biological and climatic diversity of the world (Oxford et al. 2012). After his expedition, he
published his first book Essay on the Geography of Plants (1807), in which he wrote about
the expectations for his first hybrid package:
I thought that if my tableau were capable of suggesting unexpected
analogies to those who will study its details, it would also be capable of
speaking to the imagination and providing the pleasure that comes from
contemplating a beneficial as well as majestic nature . . . By speaking both
to our imagination and our spirit at the same time, a physical tableau of the
equatorial regions could not only be of interest to those in the field of
physical sciences,8 but could also stimulate people to study it who do not
yet know all the pleasures associated with developing our intelligence
(Humboldt and Bonpland [1807] 2008, 79-80).
Humboldt was ahead of his time in his recognition of the potential of unexpected
interpretations and applications to increase the replication of knowledge, something that
today is referred to as stochastic, meaning that the inclusion of an unplanned or
uncontrolled or random variable would transcend the intellectual, material, and disciplinary
boundaries and biases of the original researcher, multiplying the expansion of knowledge.
The random variable is channeled by human imagination or unexpected receivers.
How the package traveled
Haeckel’s illustrations can be described as precise scientific environmental knowledge
with a heightened beautiful appearance, but at this point they were only a hybrid of hard
data and art; the illustrations on the plates became truly an off-the-shelf package when they
were prepared for consumption. Haeckel’s artistic talent as an illustrator allows us to
speculate that he saw the potential utility of his plates for other artists; thus, he may have

Physical sciences meant at the time natural sciences, so, “Humboldt uses physics in its original, elemental
sense: knowledge of the material world based on observation and experimentation (Jackson 2008, 19).
8
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planned to publish them as design aids or motifs for a wide audience from the beginning.
Between 1899 and 1904, “Haeckel published . . . a series of ten installments, each
containing ten illustrations” or plates that were accompanied by “short, readily intelligible
commentaries” (Breidbach 1998, 11), like “the fine cell network of the delicate leaves [of
the moss produce] beautiful motifs for embroidery patterns, while the capsule with the
delicate cover and the opening’s serrated edge provide patterns for urns and bottles”
(Breidbach 1998, 15). In this way, Haeckel was grading “the different organisms according
to their aesthetic importance,” influencing his fellow artists (from designers and craftsmen,
to architects) on how to use natural motifs as inspiration (A. Wulf 2015, 310). Subscribers
had the option of binding all plates and booklets (figure 2a) into one single book (figure
2b).
The serialized medium of booklets was meant to travel outside academia as a consumable
good for circulation, with a specific application targeted for artists. Serialization made
knowledge about natural morphology available to a wider audience, it hooked the audience
by keeping them wanting more, and it increased the publicity about the author himself. The
obvious beauty of the illustrations was the appropriate language to connect a claimant from
the natural sciences with receivers in the arts and architecture, forming a new code of
communication between two distant disciplines. Precise information about the structure
and morphology of organisms was delivered visually, along with instructions about how to
use those forms for design purposes. As a result, they became fully hybrid off-the-shelf
packages of environmental knowledge.
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Figure 2. Haeckel’s booklets. (a) Individual plates (Ursula Freire personal archive); (b) Representation of Haeckel’s
booklets for binding (Drawing by author).

Subsequent influence of the package
Art Forms in Nature influenced “the modern reception of nature by the arts and science
and thus became a major source work especially but not exclusively for the Art Nouveau
or Jugendstil movement” (S. Wulf 2018 n.p.). Art Forms in Nature and the Art Nouveau
movement had an “extremely prolific” relationship because of the “symbiosis between
decorative sketches and descriptive observations of nature” (Breidbach 1998, 14).
When urbanization, industrialization and technological advance distanced
people from the land, Haeckel’s drawings provided a palette of natural
forms and motifs that became a vocabulary for those artists, architects and
craftsmen who tried to reunite man and nature through art. . . . Many of the
growing numbers of city-dwellers . . . were desperate to get away from the
‘restless hustle and bustle and from the ‘factories’ murky clouds and
smoke.’ They escaped to the seaside, to shaded forests and to rugged
mountain slopes in the hope of finding themselves in nature. The Art
Nouveau artists . . . tried to reconcile the disturbed relationship between
man and nature by taking aesthetic inspiration from the natural world. They
‘now learned from nature’ and not from their teachers (Wulf 2015, 310).
The mechanization of the world indeed was separating man from nature. However, at the
same time, that mechanical and technological world was helping to study, understand, and
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remember nature in two ways. It enabled the mass printing of Haeckel’s Art Forms in
Nature, making it popular and delivering inspiration to artists, painters, sculptors,
architects, and craftsmen who otherwise would never have been in contact with this
knowledge. And, with the extended artificial vision of the microscope, it allowed these
same people to contemplate the design features of nature in structures and shapes which
otherwise would never have become known. Haeckel’s hybrid off-the-shelf packages of
environmental knowledge contributed to a formal reintroduction of nature into the urban
world. Jellyfish, marine organisms, colorful shells, twisting flowers, branching vines,
snaking horns, and symmetrical skeletons began to be applied in the design of glass, doors,
lamps, jewelry, posters, candles, furniture, ornaments, textiles, and buildings. There is
proof that Art Forms in Nature influenced important figures in the world of furniture and
industrial design like Louis Comfort Tiffany (United States), who designed glass lamps
inspired by jellyfish by 1900, creating glass objects based on the analogy between “ethereal
diaphanous” jellyfish and glass (Wulf 2015, 312), or Lucien Bonvallet (France), who
decorated urns and bottles and embroidery with motifs of leaves and moss in 1905
(Breidbach 1998, 15). In the case that concerns this article the most, architects, whose
idiosyncrasy was and still is strongly related to being artists, were able to use Art Forms in
Nature for two reasons besides their aforementioned formal, structural, and compositional
beauty. First, the plates were a tool that allowed them to bring “the organic into the
increasingly mechanical world” (A. Wulf 2015, 311), and second, Haeckel’s “drawing
technique” had an innate architectural quality that in some cases became literal crosssections, elevations, and plans of the organisms (Spuybroek 2007). Again, there is proof
that iconic Art Nouveau architects like Joseph Maria Olbrich (Austria), August Endell
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(Germany) (Breidbach 1998, 15), Antoni Gaudí (Spain), Louis Sullivan (United States) (A.
Wulf 2015, 311), and René Binet (France) (Breidbach 1998, 15; Wulf 2015, 312), were
inspired by Art Forms in Nature. The case of Binet and the gate he designed for the Paris
World Exposition of 1900 (figure 3) is regarded as one of the “most monumental
implementations of Haeckel’s form types” (Breidbach 1998, 15).

Figure 3. Plate and building. (a) Close-up of Haeckel’s Plate 31 (Ursula Freire personal archive); (b) Representation of
René Binet’s gate (Drawing by author).

Binet’s gate was crucial in making Art Nouveau’s richly alive style notorious. Art Nouveau
initially was built upon the naturalistic ideas of the Arts and Crafts Movement and
American philosopher John Ruskin, but after the influence of Art Forms in Nature, it
became an “organically more opulent” style (Kesseler and Wolfgang 2012, 179; my
translation). In the case of Gaudí in Barcelona, he used marine organisms in banisters and
arches, sea urchins in stained-glass windows, nautilus shells in ceiling lamps, and seaweed,
algae, and marine invertebrates in rooms, staircases, facades, and windows (Wulf 2015,
311). Finally, Sullivan, who was reading about ecology and evolution—“Spencer, Darwin,
Huxley, Tyndall” (Sullivan [1924] 1956, 249)—and who had his professional practice in a
Chicago mushrooming with skyscrapers, “believed that art created a union between the
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artist’s soul and that of nature” (A. Wulf 2015, 312). Consequently, he went beyond only
decorating facades with natural motifs (figure 4) to using environmental knowledge in a
less formal way by setting the basis for a now famous axiom to guide the design of modern
architecture: “form follows function, which would mean, in practice, that architecture might
again become a living art” (Sullivan [1924] 1956, 258).

Figure 4. Chicago, Pirie Scott Building. Louis Sullivan facade (Photograph by author, 2015).

Sullivan became an architect/nature writer trying to bridge the city/nature schism, applying
the notion that economic, political, and social impacts were causing environmental
problems in the construction of cities and the discipline of architecture. Sullivan’s axiom
was an attempt to write down nature’s design principle and apply it to a new type of
architecture that instead of being inert or inorganic, was alive, thus organic. He criticized
the growing commercial American architecture of his time for being “alien to the land”
and “incapable of adjusting itself to the flow of living things” (Sullivan [1924] 1956, 325).
So, Sullivan was implying that architecture not only was inorganic, but it had become unorganic as the economy was propelling a life-threatening urban growth moved by utility,
profit and by the desire to master the planet. Art in science could be a counterweight to this
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widespread utilitarianism and its lack of empathy for the natural world and life. Echoing
Goethe’s early teachings, Sullivan recognized the “living relationship of Intellect and
Instinct” (Sullivan [1924] 1956, 179) and warned that “science . . . could not go either fast
or far were it not for Imagination’s glowing light and warmth” (Sullivan [1924] 1956, 250).
Sullivan became the most influential of the five architects in the long run, thanks to his
early ecological axiom, while Gaudí and Binet remained regarded as rather formal
eccentrics. But the relevant aspect is that all three of them obtained environmental
knowledge from Haeckel’s hybrid-off-the-shelf package, and then applied that knowledge
in a physical way to their buildings. Haeckel’s evocatively beautiful natural drawings
delivered evolution and ecological concepts to architecture. Because of their beauty, they
existed in between reality (fact) and aspiration, affecting the reader emotionally while
conveying ideas of formal evolution and nature as a whole when they revealed that
organisms were secretly united by geometry that guided their structure, and that they were
variations of the same form; hence, nature continuously was evolving her designs.
Summing up, Haeckel was inspired to merge art with science to package his research about
the morphology of nature in collectable booklets, presenting detailed drawings of the
microscopic form and structure of marine organisms. Because Haeckel had artists in mind,
he increased cognitive proximity by using the disciplinary language of the receiver,
presenting information about the morphology of the organisms in a visually succinct way,
while excluding any other data related to the biological behavior, the chemical
composition, or the nutrition of the organisms. The drawings of the organisms were
arranged in compositions that highlighted their formal geometric, patterned beauty and
included recommendations about their ornamental potential. Haeckel’s package traveled
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in a serialized medium, meaning that only a few compositions of the organisms were
released at a time in the affordable booklets. Serialization made knowledge about natural
morphology available to a wider audience, hooking the audience and keeping them wanting
more. Haeckel’s hybrid package between art and science increased cognitive proximity in
a way that avoided incestuous self-replication by exposing his environmental knowledge
to different perspectives. The influence of the circulation of Haeckel’s package was
significant, providing formal inspiration for a philosophical impetus that wanted to
reintroduce nature into the industrial cities at the end of the 1800s and the beginning of the
1900s, producing a more opulent, organic, artistic movement called Art Nouveau. This
movement was adapted in other countries as Modernismo, Secese, Jugendstil, Reformstil,
Szecesszió, or Stile Floreale, revealing a chain reaction of replication. Iconic architects,
furniture designers, and other artists of the Art Nouveau movement owned some of
Haeckel’s booklets, using his drawings of organisms literally in lamps, furniture, columns,
staircases, and facades, but also being metaphorically influenced by the inconspicuous
ideas that the booklets carried about the genesis of the forms in nature.
Second case: Bioclimatic chart and schematic bioclimatic index
This section makes a significant chronological shift to the mid-twentieth century, dealing
with the circulation and influence of Victor Olgyay’s package of environmental
knowledge, the expressive and functional bioclimatic chart and schematic bioclimatic
index. This package was a hybrid that displayed information about climate, physiology,
and architecture in ways that increased cognitive proximity between different fields. This
package traveled via academic conferences, students, and a professional network for
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climatic architecture based upon social proximity, but it also traveled first in one off-theshelf book and then in software, which increased physical proximity.
After World War II, Olgyay delivered environmental knowledge regarding climate to
architects through the bioclimatic chart and the related schematic bioclimatic index. The
chart contained meteorological data and the related index added a cartoon-like drawing of
a modern man and other illustrations; it became a tool to understand any climate and to
obtain building design axioms. The package was scientifically accurate, aesthetically
attractive, and made for the specific use of professional architects, making it an example
of a hybrid off-the-shelf package of environmental knowledge.
How the package was made
The package was made by the Hungarian architect Victor Olgyay (1910-1970), a not so
well-known figure in architectural history whose greater contribution was “formalizing
bioclimatic or passive solar design as a discipline within the field of architecture during the
1950s” (Arizona State University n.d.) and publishing the seminal book Design with
Climate: Bioclimatic Approach to Architectural Regionalism in 1963. Olgyay argued that
architectural functionality was born from climate; therefore, architectural design needed to
use climate information. Olgyay worked in Europe between the first and second world wars
and did research in the United States between 1948 and 1963. His practice in Europe was
fruitful, with early attempts to design buildings with sun, light, and wind just as other
architects of the period attempted as well. From reading an essay by his son, Olgyay
probably became interested in climate after recognizing how native architecture used
climate in a beautiful and purposeful way (V. W. Olgyay 2015, xii). After World War II
forced Olgyay to migrate to the United States, he came in contact with bioclimatology
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while teaching and researching at Princeton University (1953 to 1963 (Barber 2017, 139)),
focusing on the effects of climate over man. “Architecture has to serve man and his
comfort. He is the measure, therefore, of conditions to control. Here we are interested in
only one sector of his environment; the climatic one” (Victor Olgyay Collection, Box 4
Folder 2, Page 1). It is true that there is a long history of climatic adaptations in native
architecture, but “the emergence of modern architectural techniques beginning in the
nineteenth century” changed considerably “the relationship of a building to its climate, and
the figuration of this relationship” (Barber 2017, 137). Climate became an issue for the
built environment again as late as the middle of the twentieth century because of the
convergence of three factors. First, the United States was funding research in comfort and
efficiency to solve thermal discomfort and high energy costs caused by the adoption of
modern building aesthetics based on glass. Second, after the war, a process of
decolonization started in the tropics. Countries with the desire to modernize themselves
needed a new built environment with the appropriate style, for which they lacked trained
architects. However, as Szokolay points out, the foreign architects from seasonal Europe
and North America who were invited to design did not know how to respond to such
different climates, evidencing the need for climatic research in architecture (Szokolay
1998, 111). And third, the United States suffered an oil crisis in 1947 and 1948 that
propelled alternative energy and efficiency research (Barber 2013, 257). In this favorable
context, Olgyay developed between 1953 and 1957 a graphical method to design with
climate, after combining products of “physiology through climatology to building physics”
(Szokolay 1998, 112). In 1953, he presented the method in the article “A Bioclimatic
Approach for Architecture,” considered a “turning point” in the conceptualization of a
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modern architectural approach that incorporated design with climate (Szokolay 1998, 112).
He matured his method by 1957 (Barber 2017, 147). Olgyay recognized the necessity to
make climate understandable to architects, therefore his method was based on gathering
and visualizing climate data for analysis. “As the architect is more accustomed to a visual
approach, it . . . will be more useful to him if [this synthesis] can be presented in graphic
form, derived from empirical experiments” (Victor Olgyay Collection, Box 4 Folder 2,
Page 8). Many graphics were developed: sun paths, sun masks, isotherms, climate portraits,
and wind roses, which recommended design parameters about orientation, form, and
materials from separate climate elements (wind, humidity, sun radiation, temperature, and
light); however, it was the bioclimatic chart and index that managed to synthesize climate
into one single graphic (figure 5a).
The chart was a square (10x10 cells) drawn on graph paper, with a central area called the
comfort zone, around which the effects of climate components were shown. The chart
allowed an immediate reading of the correlation between any climatic factors and desired
comfort conditions.
Any climate condition determined by its dry bulb temperature and relative
humidity can be plotted on the chart. If the plotted point falls into the
“comfort zone” we feel comfortable in shade. If the point falls out of the
outlined “comfort zone” some element [wind, sun, or evaporation] is needed
to achieve comfort (Victor Olgyay Collection, Box 4 Folder 2, Page 28).
The idea of controlling climate by defining a standardized zone where “the average person
will not experience the feeling of discomfort” (Olgyay et al. [1963] 2015, 18) goes back to
1894, when a “minimum standard of heating and ventilation” was defined for all buildings
by the American Society of Heating and Ventilation Engineers of New York City (Erwine
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2017, 115). By the end of the nineteenth century, engineers, rather than architects, were the
ones attracted to climate through meteorological data. But in 1901, because of the
convergence of public health concerns and the measurement of climate in European cities,
some climate components like wind started to be used for city planning and regulations
(e.g., building separation and height). In 1910 in Berlin, the lecture “Meteorological
Principles of Town Planning” proposed to design cities, urban grid layouts, and street
orientation based on wind and sun (Janković 2013, 543). By 1934, the impact of climate
on living beings began to be studied in the United States, with the first graduate seminar in

bioclimatology held at Pennsylvania State University (Janković 2013, 545), and the
seminal monograph Stadtklima (City Climate) was published in Berlin in 1937 (Janković
2013, 542). Despite the bioclimatic chart and the comfort zone developed within this

context of climate control and air-conditioning, Olgyay distinguished himself by
researching natural climatic adaptation instead of a mechanical one.
The 1953 chart was analytic; someone who lacked training probably would not have been
able to understand it. The chart was abstract, not figurative; its aesthetic was a collateral
result of mathematically placing points, lines, and numbers on a standardized sheet of graph
paper. “As most people have a natural antipathy for not easily understandable graphs,”
Olgyay attempted “to make the bioclimatical chart more readable by visual indications”
(Victor Olgyay Collection, Box 4 Folder 2, Page 32), developing a more expressive version
called a schematic bioclimatic index published in Design with Climate in 1963 (figure 5b)
(Olgyay et al. [1963] 2015, 23). This second chart removed the grid and included figurative
elements like a common mercury thermometer as ordinate, a tree on the right side of the
comfort zone representing a humid climate and the need for shade, a dotted area on the left
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side of the comfort zone representing dryness, three “sun faces” (images of the sun) located
under the comfort zone indicating the amount of sun needed, and a relaxing man in the
middle of the comfort zone (figure 6) (Victor Olgyay Collection, Box 4 Folder 2). This
male figure was “relaxing on a modern chaise longue, smoking a pipe, reading the
newspaper, and completely at ease—without irritation, without having to experience any
of the also possible climatic conditions that surround and threaten him” (Barber 2017, 149).
The expressive chart showed that architecture can produce a static environment for a
protected man.

Figure 13. Different levels of expression in both versions of the bioclimatic chart and index. (a) Analytical bioclimatic
chart; (b) Expressive and figurative bioclimatic index (Victor Olgyay Collection, Box 4 Folder 2).
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Figure 6. Highlights of figurative elements in the bioclimatic index (Victor Olgyay Collection, Box 4 Folder 2).

The bioclimatic chart attempted to be instrumentally precise in both the analytic and
expressive versions. The process to use both charts remained the same, but the loss of the
grid made the expressive chart slightly less precise than the analytical one regarding the
representation of temperature and humidity. In the case of man’s reaction to climate, both
charts were inherently imprecise because the definition of the comfort zone is vague and
debatable. About appearance, the expressive chart does not display the outstanding beauty
of Haeckel’s package, but nonetheless it has a comic-strip aesthetic that makes it attractive
and makes its complexity less threatening. Controlling climate with passive design was
much more complex than doing the same mechanically, therefore making the chart less
threatening was important to delivering Olgyay’s method. The chart targeted reason using
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climate measurements, but also targeted affection with the image of the relaxing man, who
had the capacity to create empathy by introducing something to which receivers could
relate and maybe even see themselves in. The chart embedded the aspiration of the time,
being a stylish man in perfect comfort thanks to climate control. As Dr. Paul Siple said:
“nothing is more forlorn-looking than that which is climatically unseasonable. A person
who is uncomfortably hot or cold often makes glamorous clothing look silly. So too,
buildings that make their occupants uncomfortable or are disfigured by climatic
deterioration look forlorn” (Siple 1950, 8). All these readings arose from the chart and yet
they could not be found within it; its popular charm was meant to create a cognitive
proximity with architects who did not speak the disciplinary language of climatologists or
biologists. The chart is an “expressive interpretation of technical knowledge,” thus a hybrid
object “concerned with both affect and instrumentality,” thereby appealing to midcentury
designers in a technological and aesthetic way (Barber 2017, 150,151).
Olgyay got involved with climatology in part because of the Climate Control Project, a
collaboration between House Beautiful magazine and the American Institute of Architects
(AIA). The project aimed to deliver climate knowledge to professional architects and
consumers at the same time in order to commodify this new climatic architecture. The
Climate Control Project is the result of “a crusade for improvements in climatic control in
housing” that gathered writers, climatologists, and geographers to provide climatic
guidance for the new uses, objectives, and visualizations that climate could have in
architecture (Siple 1950, 7). Climate was specifically delivered to two audiences, using
serialized professional bulletins for architects and articles and advertisements in the
magazine for consumers (MIT 2007). Climate was represented in graphics like urban
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isothermal maps and climate portraits, which all followed the logic that invisible climate
could be made visible by lines of equal value drawn upon a surface. 9 Serialization allowed
the Climate Control Project to diffuse knowledge about climate for professionals and
customers. However, Olgyay became the claimant when he packaged climate data and
man's physiology and design solutions for architects in the bioclimatic chart. The chart is
an interesting hybrid because the lines that plotted climate represented the universal side
of science, meant to be an uncontestable and objective truth, while the affections and
desires that the relaxing man evoked in each receiver were the local side of science.
How the package traveled
The circulation of environmental knowledge from climatology to architecture began with
the Climate Control Project and its serialized delivery of the idea of climate to a wide
audience on both sides of a new market based on controlling climate with buildings.
Subsequently, Olgyay’s package was delivered using physical proximity, through
academic conferences and teaching students; later, the package became off-the-shelf when
it traveled using three channels: a book (Design with Climate), a professional network that
commodified climatic architecture, and software used to certify the sustainability of
buildings. The first channel was the most scientifically orthodox: presenting articles about
designing with climate in academic and professional conferences and proceedings like
Housing and Building in Hot-Humid and Hot-Dry Climates (National Research Council
1953). Here, the bioclimatic chart’s analytical version was introduced to fellow scientists,
Interestingly, the entire logic behind drawing climate was pioneered by Alexander von Humboldt and his
representations of climate as a system with the first isothermal map of 1817 and the first isothermal map
with the outline of the continents in 1848. Humboldt wanted to display disperse and precise local weather
measurements in one single global graphic in order to make the spatial distribution of climate components
visible (Munzar 1967).
9
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architects, and professionals (Victor Olgyay Collection, Box 4 Folder 2). Conferences like
Weather and the Building Industry: A Research Correlation Conference on Climatological
Research and Its Impact on Building Design, Construction, Materials and Equipment
(National Research Council 1950) and Housing and Building in Hot-Humid and Hot-Dry
Climates (National Research Council 1953) elevated the physical proximity of
geographically distant receivers, who came from around the world and across the United
States, as well as socially distant receivers who came from universities, laboratories,
foundations, private industry, and governmental institutes. The selection of attendees
reveals some cognitive distance too, as the disciplines that were merged ranged from
architecture, public health, climatology, physics, meteorology, standardization,
engineering, industrial design, product research, advertising, building research, agriculture,
and mechanics, from both public and private origins (National Research Council 1953,
174-177; National Research Council 1950, 149-153). Although the cognitive distance
produced diversity, this diversity was chosen within the social proximity of the attendees,
revealing how all the disciplines collectively were serving the higher purpose of
standardizing, industrializing, and commodifying climatic architecture under a centralized
control. The second channel was by teaching. Olgyay taught students in the United States
at the University of Notre Dame and the Massachusetts Institute of Technology from 1947
to 1952 (Victor Olgyay Collection, Box 11 Folder 6) and at the Princeton School of
Architecture from 1953 to 1963 (Barber 2017, 139). He also taught in Colombia at
Universidad del Valle in 1968 (Jaime Cárdenas Matallana, in discussion with the author on
May 5, 2017). For instance, he had “more than a thousand students at Princeton” who “have
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continued to practice, teach, and further develop the tenets of bioclimatic design” 10
(Reynolds 2015, xi); yet, had just one small class11 in Universidad del Valle from which
only four students were selected to help him directly with research for the Spanish version
of his 1963 book (Jaime Cárdenas Matallana, in discussion with the author in May 2017;
Silvia Schiess, in discussion with the author in April and May 2017). This channel had a
high physical, cognitive, and social proximity, because Olgyay was directly teaching
students who shared his disciplinary language and who attended private universities, very
likely belonging to similar social and economic backgrounds. The third channel was
Olgyay’s last book, Design with Climate, in which both the analytical and expressive
versions of the bioclimatic chart were published. Through 1991, the book had sold around
“20,000 copies,” reaching many architecture schools and influencing classes of design as
well as courses related to mechanics, electricity, and plumbing (Reynolds 2015, xi). The
book was reprinted unchanged in 2015. The book was adapted to Colombia’s climates and
translated into Spanish in 1968 as Arquitectura y Clima en Colombia or Architecture and
Climate in Colombia (Silvia Schiess, in discussion with the author in April and May 2017),
however, that edition was never reprinted and very few copies are available. A book is an
object of easy mobility; therefore, this channel was the one which finally added the offthe-shelf component to this hybrid package. But it was the fourth and fifth channels, a
professional network meant to commodify climatic architecture and software to certify
buildings, which gave momentum to the replication of this knowledge by creating the
necessity for architects to control climate. This necessity began in the United States with
Students: Donlyn Lyndon (Lyndon 2015), Harrison Fraker, Steve Badanes, Tod Williams, and Douglas
Kelbaugh (Reynolds 2015, xi)
11
Students and collaborators: Jaime Cárdenas Matallana (Cárdenas O'Byrne 2016, 125), Jaime Coronel,
Silvia Schiess, and Eduardo DeIrisarri (Silvia Schiess, in discussion with the author in April and May 2017).
10
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the aforementioned standard of heating and ventilation from 1894 (Erwine 2017, 115).
Then, in the 1950s, a new “speculative development market” promoted a “generic design”
for an “average consumer” (Erwine 2017, 14,15) in which the Climate Control Project
offered early climate knowledge to architects and consumers at the same time. Olgyay’s
chart was embedded within this network of professionals who could design climatic
architecture and consumers who needed that architecture. Those architects who used the
bioclimatic chart became providers of expert knowledge who could deliver climatic
solutions for clients. The chart’s standardization offered the possibility of solving climatic
design problems for anyplace while being anywhere or nowhere (virtual witnessing); its
architectural outcomes were inevitably standardized to some degree so they could become
products in a market. Two decades after Olgyay’s death, with the appearance of personal
computers and computer-aided design (CAD) in the 1990s, his entire method, including
his machines and instruments to simulate climate components, and his graphical aids that
included the chart, were all digitalized in software like Ecotect and commercialized by big
multinational corporations in products like AutoCAD (figure 7a). Digitalization made
Olgyay’s chart an off-the-shelf package that increased social and physical proximity to a
global scope, and it helped it become an instrument of a system that certified and rated
sustainable buildings, making it necessary to acquire the environmental information it
contained because of reputational pressure within a context of climate change and
environmental crisis, increasing the probability of replication.
Subsequent influence of the package
The total influence of Olgyay’s package had a complex development. His architectural
vision and method had at first a modest influence in architecture because despite being
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“taught in numerous schools and [being] embraced by many prominent architects,” it was
limited by a “pervasive concern that the technological determination of any aspect of a
building design frustrated an architect’s expressive voice” (Barber 2017, 151). The
bioclimatic method was perceived as climatically deterministic or as climatic
constructivism, because it prioritized climatic environment over any other architectural
design factors that could be more related to culture, social needs, tradition, or art. Two
things occurred afterward: Olgyay’s package was replicated within the subdiscipline of
bioclimatic architecture, and then, his package was absorbed and adapted by the heating,
ventilation, and air conditioning (HVAC) industry to control climate mechanically.
First, the analytical version of the bioclimatic chart was replicated for research, inspiring a
few other very similar diagrams such as Israeli architect Baruch Givoni and his building
bioclimatic chart of 1969 (figure 7b), which was followed by charts like the bioenvironmental chart developed by English/Argentinian architects John Martin Evans and
Silvia de Schiller at Universidad de Buenos Aires after 1983 (figure 7c), or the comfort
triangles also by Evans (Rincón Martínez and Fuentes Freixanet 2014, 1374, 1375).

Figure 7. Examples of the evolution of the bioclimatic chart. (a) Digital version of the bioclimatic chart in e-Clim (Evans
and Delbene 2004; Ursula Freire personal archive); (b) Digital version of Givoni’s chart in e-Clim (Evans and Delbene
2004; Ursula Freire personal archive); (c) Bio-environmental chart (Evans and de Schiller 1988, 33)
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All these charts packaged climatic, physiological, and architectural information in one
instrumental single image with a specific design purpose for architects. Its coded form
removed from designers the need to know anything about climatology and allowed them
to remotely design buildings without physical interaction with the climate. This behavior
would be the architectural version of virtual witnessing. The development of these charts
reveals the existence of a closed, specialized community with high cognitive proximity that
was called the subdiscipline of bioclimatic architecture. It propagated itself by training its
own successors, meaning that the use and development of these charts helped foster and
perpetuate this specialized community. The high cognitive proximity overcame physical
and social distances between bioclimatic architect/scientists, but the extreme similarity
between the charts in procedure and appearance also reveals an incestuous self-replication
caused by a very high cognitive proximity. New disciplinary perspectives that could have
challenged the chart in some way ended up being excluded.
Second, controlling climate mechanically through the HVAC industries became more
attractive and easier to achieve than through Olgyay’s passive bioclimatic architecture;
therefore, the bioclimatic chart and its comfort zone were absorbed by an industry that
regulated and maintained the interior climate of buildings using “fossil-fuel-generated
HVAC systems,” which ironically and unintentionally, affected (and still affect) the
“global climate system” (Barber 2017, 154). By the 1990s, the environmental crisis, the
concept of sustainable development, and globalization collided with the digitalization of
Olgyay’s method. Consequently, the same system that regulated the HVAC industry began
to gravitate to the regulation of the sustainability of buildings, meaning that Olgyay’s
passive bioclimatic method became an instrument to produce buildings adapted to climate
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within a market of sustainability. The bioclimatic chart gained momentum, experiencing a
chain reaction of replication for application by a new generation of architects with an
environmental conscience. Software and the internet have created a very high physical
proximity, building certifications have created a high social proximity based on the
reputational pressure to adapt buildings to climate, and the chart itself keeps creating
cognitive proximity.
It is interesting that in both types of replications of Olgyay’s package, for application in
the digitalized version and for research in the chart’s spin-offs, the expressive figures like
the relaxing man and the figurative suns have disappeared, which could be a symptom of
a public perception that data is more important than subjectivity, and that technological
mediums, such as computers, smart phones, or 3-D models, are more important than the
knowledge they convey. The medium of the chart has become more important than its
content, and data has become more important than image or desires. A form of
“technological determinism” has appeared, meaning that the human aspiration of
“imagining new ways of life” that was hidden in the image of Olgyay’s relaxing man has
been replaced by a technical aspiration towards “maximizing mechanical efficiency”
(Barber 2017, 157), as well as improving the instrumental precision of the chart and the
data it uses.
Summing up, Victor Olgyay had to increase the cognitive proximity between architecture
and climatology; therefore, he packaged information about climate, man’s physical
reaction to climate, and architectural climatic needs in one single instrumental image.
Olgyay included the visually more attractive version of his chart, with its figurative
representation of man’s comfort and climate components, in his most important book,

218

Design with Climate (1963). In so doing, Olgyay presented climate in a language that
architects could understand, thus increasing cognitive proximity. The chart removed from
architects the need to learn about climate, they only needed to plot certain meteorological
measurements on the chart to obtain clear architectural design recommendations. The chart
increased physical proximity. For example, the chart allowed an architect to design a house
climatically adapted to a certain place without the need to physically visit that place. Then,
other architects could evaluate the design without seeing either that place or the building,
meaning that the chart increased physical proximity so successfully that ironically, it made
physical space irrelevant. Olgyay’s package traveled through five channels. It was
communicated through professional conferences, academic classes, and a professional
network that commodified climatic architecture, which increased physical and social
proximity. Then it traveled in the medium of a textbook that was seminal for the
subdiscipline of bioclimatic architecture. Finally, Olgyay’s package experienced a chain
reaction in the 1990s when it was digitalized as off-the-shelf software that was almost
compulsory to obtain within the new requirements of a globalized sustainability, becoming
a fundamental instrument in a market of building ratings and certifications.

Conclusions
This section explains the main conclusions obtained regarding architecture and the
circulation of knowledge.
Zoologist Ernst Haeckel’s Art Forms in Nature and Architect Victor Olgyay’s bioclimatic
chart and the related schematic bioclimatic index are examples of hybrid off-the-shelf
packages that delivered environmental knowledge to architecture. Art Forms in Nature
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contained realistic representations of organisms displayed to highlight their geometrical
beauty as design patterns; the bioclimatic chart and index package was an instrumental
representation of climate data, man’s physiology, and architectural design axioms. Both
packages transported environmental knowledge outside its disciplinary boundaries using
expressive visual art in some way. Art Forms in Nature was sold as a serialized, collectable,
and affordable set of booklets; the bioclimatic chart became a tool used within a system of
building certification. Each package contributed to the growth of an influential movement
in architecture, the Art Nouveau movement and the subfield of bioclimatic architecture. In
the first case, early Art Nouveau was an ornamental style that took inspiration from the
serpentine curves of the vegetal realm, using them to decorate facades, furniture, and other
objects. However, although Art Forms in Nature did contribute to that ornamental style
with new serpentine curves from marine organisms, it was more significant for providing
the Art Nouveau movement with a new structural language that allowed the construction
in human size of the microscopic structure of Haeckel’s organisms. “On [Haeckel’s work]
we don't see any ornament, we see structure” (Spuybroek 2007). The inspiration provided
by Haeckel’s package can be seen directly in the eccentric work of iconic Art Nouveau
architects like René Binet or Antoni Gaudí in the beginning of the twentieth century; but
indirectly, this influence also allowed the development of groundbreaking structures in the
mid-twentieth century by architects like American Buckminster Fuller (1895-1983) and his
geodesic dome (a sphere constructed with a triangular, hexagonal, or quadrangular grid that
evokes the central figure of Haeckel’s plate 31 for instance), or German Frei Otto (19252015) and his grid shells (Spuybroek 2007). While it is fair to say that the Art Nouveau
movement has almost disappeared from contemporary architectural practice, the structural
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language inaugurated by Fuller and Frei continues to influence buildings today. In the
second case, native architecture around the world has more than 2,000 years of history
adapting buildings to climate without mechanical conditioning, proving that bioclimatic
architecture and its instruments like the bioclimatic chart and schematic bioclimatic index
were not essential to the field. However, in a short period of around 60 years they have
become fundamental for contemporary architecture. The bioclimatic chart and schematic
bioclimatic index appeared as a response to the rise of the industrial world with its
mechanical control of climate and the decline of local architecture since the mid-twentieth
century; they became instruments of that modern world to bring climate back into
architecture. Native architecture was born from tradition, developed from trial and error by
generations who had a lifestyle connected to a specific place and who knew climate in an
embodied manner. Bioclimatic architecture, as defined by Victor Olgyay, was born from
the need to generalize, to allow the modern architect to design all over the world, for all
climates. The bioclimatic chart and schematic bioclimatic index provided the architect with
quick and easy knowledge; simplifying the comprehension of any climate, man’s reaction
to it, and the requirements of the architectural project. In this way, the bioclimatic chart not
only nurtured bioclimatic architecture, but it almost contained the essence of this entire
subdiscipline in itself.
The analysis of both cases adds to the existing literature about the circulation of knowledge
with conclusions about the general behavior of hybrid packages, especially of off-the-shelf
packages and their potential to create innovations during their replication because of their
stochastic mechanisms, but also to produce innovations during the process of making them.
This analysis also contributes to understanding the implications of these packages
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specifically for architecture. These conclusions were obtained from just two cases, so there
is a need to identify more cases of hybrid off-the-shelf packages that delivered
environmental knowledge to architecture.
Behavior
Hybrid packages increase cognitive proximity between distant disciplines, with claimants
from the environmental sciences and receivers in the humanities, by means of presenting
environmental knowledge in a visual medium that makes beauty the language in common.
Beauty can break disciplinary, cultural, and institutional boundaries and carry knowledge
far away from its original claimant, thanks in part to its undefinable poetical quality with a
universal appeal. The cases showed that the environmental sciences can be as diverse as
zoology and climatology, dealing with living organisms and the genesis of their forms, as
well as with global phenomena like climate, which despite not being alive is dynamic and
conditions life. However, precisely because of beauty, the disciplines within the humanities
that are most sensible to hybrid packages are those that deal with aesthetics, like
architecture. Off-the-shelf packages increase physical proximity by means of delivering
knowledge to distant receivers instead of trying to increase the number of scientists in
common between claimant and receiver. Social proximity is increased because knowledge
is made accessible for receivers in different social groups, while the affordability of the
packages distributes knowledge to diverse economic classes. Off-the-shelf packages are
embedded within a larger system that helps them to hook, attract, or force audiences to
systematically acquire them and apply their knowledge by means of serialization or
certifications; but, despite affordability, the systems that provide off-the-shelf access
inherently will exclude those audiences who cannot pay for the mediums. Both hybrid and
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off-the-shelf packages can reach non-expert audiences by increasing cognitive proximity
with a visual language of beauty. Consequently, more non-expert people will be attracted
to the study of nature (cognitive proximity), replications will reach more diverse receivers
(social and physical proximity), incestuous self-propagation or self-replication will be
reduced, and a new movement or trend will be quantitatively formed when knowledge
filters down into the larger public arena. Hybrid and off-the-shelf packages lay the
groundwork for considerably increasing the rate of replications until a movement or trend
appears.
Innovations
These packages have the potential to catalyze innovations because hybridity and off-theshelf access expose environmental knowledge not only to the intended audience in the arts
and architecture, which are clearly different disciplines, but to any type of audience with
unpredicted skills, visions, and approaches. The potential for innovation is increased by the
affordability of off-the-shelf packages, which exposes knowledge to an economically
mixed audience with different needs and problems than those of an audience in the arts and
architecture, who traditionally have belonged to a more accommodated class. Boundaries
of age, gender, and race can be penetrated by the combination of hybridity and off-theshelf access; the visual appeal and beauty of these packages might attract an unusual
audience, like a child or a senior citizen for instance, whose fresh naiveté can use
knowledge in innovative ways. Unusual receivers who don’t know the “right” way to use
knowledge might channel unexpected innovations. Hybridity and off-the-shelf access in a
package introduce chance into the circulation of knowledge, something that does not
guarantee innovations, but leaves the door open for unexpected innovations and
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interpretations. Chance makes this process stochastic instead of deterministic because a
random variable is introduced to enrich or challenge a knowledge claim; thus, sending
knowledge to a random audience can increase the probability of innovations while
overcoming prevalent ontologies. Human researchers inevitably include and exclude
certain data depending on what they regard as important. The stochastic quality of hybrid
off-the-shelf packages becomes a mechanism to overcome unconscious personal
favoritisms or biases that might limit knowledge or produce self-replication. The process
of making and conceiving the packages can produce innovations also, because compressing
a complex set of information into one image allows the extraction of what is essential. The
intrinsic morphological and procedural beauty that exists in nature can inspire a visually
attractive package, and in the same way, searching for an attractive visual presentation
requires looking at the information from different angles. The role of beauty and aesthetics
is important as a common language, not only between architecture and the natural sciences,
but among all kinds of people, inspiring imagination and desire. The time spent
contemplating nature’s beauty and its elegant design solutions while making a package or
replicating it, promotes empathy, respect, and even affection towards the environment.
Beauty reveals itself as a key condition of why a knowledge claim originating from one
place becomes accepted and replicated in other places.
Implications
Hybrid off-the-shelf packages become useful in the current context of climate change
because the only way to solve a problem with the global magnitude and complexity of
climate change is by changing the environmental behavior of a massive number of people,
or by mass replication of certain environmental knowledge and practices. Climate change
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is a product of the separation of society from nature, making it a central architectural
challenge to bridge that separation in its material expression: an artificial built environment
detached from natural cycles and processes. This challenge is a complex task that must
balance pervasive ontologies—form and function, beauty and purpose, science and art,
budget and aspirations—to object and organism, for which more environmental
information will be needed. Therefore, hybrid packages are important in providing
architects with inspiration from nature for new structures, processes, materials, and/or
aesthetics. Architecture would be able to create a natural built environment by becoming a
hybrid discipline among the arts, engineering, and the environmental sciences, and by using
hybrid packages for inspiration. The challenge of bridging cities with nature is a task with
such a large scale that only by changing the design practices of a massive number of
architects, or by mass replication of certain building practices, will it be achieved, making
it necessary to use the logic of off-the-shelf packages to cause a movement or a chain
reaction of replication.
Hybrid off-the-shelf packages can promote empathy and affection towards the
environment. For example, in Haeckel’s Art Forms in Nature, the geometry of the
organisms appears on a superficial level, however, the inherent order and beauty that
connect all natural organisms is the deeper message. In the case of Olgyay’s chart, climate
data was on the surface, but the deeper message was the belief that man had the power to
control nature through science. Haeckel developed his package 50 years earlier than
Olgyay did, but both contributed to creating a movement in architecture, in the first case
by formally reintroducing nature into the urban world at the beginning of the
industrialization of architecture, and in the second case by introducing passive design to
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control climate, at a time of fully serialized, standardized, and industrialized architecture.
Paradoxically, hybrid off-the-shelf packages are a way to use the same mechanical world
that is destroying the natural world to save it, using mass production and standardization
to deliver the beauty of the environment to more people. Just as Alexander von Humboldt
thought 200 years ago, this is a crucial task not only to solve the environmental crisis but
also to better understand this planet and our role in it. Future research about knowledge
circulation should identify more cases that delivered environmental knowledge to
architecture in the past, producing new historiographies of architecture. It should focus on
improving hybrid off-the-shelf packages for architecture, increasing cognitive proximity
with hybrids between art and science that can produce innovations in the built environment
and reduce the dichotomy between nature and society.
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Janković, Vladimir. 2013. “A Historical Review of Urban Climatology and the
Atmospheres of the Industrialized World.” Wiley Interdisciplinary Reviews:
Climate Change 4 (6): 539-553. doi:10.1002/wcc.244.

Kesseler, Rob, and Stuppy Wolfgang. 2012. Semillas. La vida en capsulas de tiempo.
Translated by Ricarda Riina. n.p: Turner Publicaciones S.L.

Klein, Naomi. 2014. This Changes Everything: Capitalism vs. the Climate. New York:
Simon & Schuster.

Landström, Catharina, Sarah J Whatmore, and Stuart Lane. 2013. “Learning Through
Computer Model Improvisations.” Science, Technology, & Human Values 38 (5):
678-700. doi:10.1177/0162243913485450.
Livingstone, David. 1995. “The Spaces of Knowledge: Contributions Towards a
Historical Geography of Science.” Environment and Planning. D, Society and
Space 13 (1): 5-34.

Lyndon, Donlyn. 2015. “Learning to Design with Climate.” In Design with Climate:
Bioclimatic Approach to Architectural Regionalism. New and Expanded Edition,
by Victor Olgyay, Aladar Olgyay, Donlyn Lyndon, John Reynolds, and Ken
Yeang, xx-xi. Princeton, NJ: Princeton University Press. Accessed February 02,
2019. https://ebookcentral.proquest.com/lib/unm/reader.action?docID=2028326.

Miller, Giles. 2012. “Radiolarian Microfossils Proving Popular for Exhibitions.” Curator
of Micropaleontology’s Blog (Natural History Museum, London). Accessed
February 6, 2019.
http://www.nhm.ac.uk/natureplus/blogs/micropalaeo/2012/07/18/beautifulradiolarians-from-barbados.html.
MIT (Massachusetts Institute of Technology). 2007. A Machine for Climate: The House
Beautiful/AIA Climate Control Project 1949-1952. Accessed February 27, 2019.
http://web.mit.edu/nature/archive/student_projects/2007/rsr/housebeautiful.html

Munzar, Jan. 1967. “Alexander Von Humboldt and his Isotherms: On the Occasion of the
150th Anniversary of the First Map of Isotherms.” Weather 22 (9): 360-363.
National Research Council. 1950. Weather and the Building Industry: A Research
Correlation Conference on Climatological Research and Its Impact on Building
Design, Construction, Materials and Equipment. Washington, DC: National
Research Council Building Research Advisory Board.

228

National Research Council. 1953. Housing and Building in Hot-Humid and Hot-Dry
Climates. Washington, DC: National Research Council Building Research
Advisory Board.

Naylor, Simon. 2005. “Historical Geography: Knowledge in Place and on the Move.”
Progress in Human Geography 29 (5): 626-634.

Olgyay, Victor, Aladar Olgyay, Donlyn Lyndon, John Reynolds, and Ken Yeang. (1963)
2015. Design with Climate: Bioclimatic Approach to Architectural Regionalism.
New and Expanded Edition. Princeton, NJ: Princeton University Press. Accessed
February 02, 2019.
https://ebookcentral.proquest.com/lib/unm/reader.action?docID=2028326.

Olgyay, Victor W. 2015. “A Rational Regionalism.” In Design with Climate: Bioclimatic
Approach to Architectural Regionalism. New and Expanded Edition, by Victor
Olgyay, Aladar Olgyay, Donlyn Lyndon, Ken Yeang and John Reynolds, xii-xix.
Princeton, NJ: Princeton University Press. Accessed February 02, 2019.
https://ebookcentral.proquest.com/lib/unm/reader.action?docID=2028326.
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UNDERSTANDING THE CHARACTER OF PLACE: HUMBOLDT’S
PHYSIOGNOMY OF NATURE, VICTOR OLGYAY’S
BIOCLIMATIC REGIONALISM, AND THE OUTLINE OF A
PHYSIOGNOMY OF CLIMATE
Abstract
This article examines, from an architectural standpoint, the role of the subjective
impression of beauty in understanding the character of a place. It compares the theories
related to the character of place made by the Prussian natural scientist Alexander von
Humboldt (1769-1859), one of the most important public intellectuals of the nineteenth
century, and the Hungarian architect Victor Olgyay (1929-1970), the seminal bioclimatic
architect of the mid-twentieth century. Both men are connected by their attempts to abstract
and simulate climate, attempts that were the first in their fields.
Primary sources included those authors’ quintessential works: Views of Nature, or,
Contemplations on the Sublime Phenomena of Creation (Humboldt, 1808) and Design with
Climate: Bioclimatic Approach to Architectural Regionalism (Olgyay, 1963). This
research led to the conclusion that Olgyay’s architectural regionalism, an empirical and
objective definition of the character of place based primarily upon the quantitative study
of its climatic context, could be enriched by Humboldt’s qualitative physiognomy of
nature, a much more intimate attempt to understand that character of place from its
appearance, its general form, and its natural beauty.
Olgyay’s regionalism had an oxymoronic quality. It countered “placelessness” and lack of
identity in architecture (produced by the International Style in the middle of the twentieth
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century and by mass urban development today) by using a rigorous scientific method that
continued to focus on the large scale of the region, despite his aspiration to highlight the
local. In contrast, Humboldt’s pseudoscientific physiognomy of nature focused on the more
intimate scale of the self through the aesthetic impression made by a place, in order to
understand the greatest scale of nature as a phenomenon. Humboldt argued that any region
of the earth had an individual or peculiar beauty that produced a total impression on a
person, constituting its temperament or character. Places, just as persons, had moods that
might resonate with each other, causing indelible impressions in the mind and the
imagination. Therefore, the people apt to study nature from a physiognomic point of view
and produce useful knowledge would be artists and architects, with their artistic
sensibilities. Humboldt’s physiognomy, based on subjective on-site interpretations, and
Olgyay’s regionalism, based on standardized off-site hard data, represent two opposing
scientific approaches that both attempt to understand the same phenomenon—place and its
effect on people. In conclusion, this research seeks to demonstrate that data, scientific
method, and a purely empirical approach not only overcame more subjective
interpretations of place and nature, but also forced them into a pseudoscientific perception.
Furthermore, the not-purely-scientific approach of Humboldt’s physiognomy has value
today and can enrich environmental architecture by introducing the personal dimension
with which nature, climate, and place are experienced. Three approaches to enhance the
beauty of climate through buildings were identified: integration, contrast, and visits to
place.
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Introduction - United by Climate
The Prussian Alexander von Humboldt and the Hungarian Victor Olgyay are two men of
science with little else in common. Humboldt became a world-famous scientist, while
Olgyay remained a relatively unknown architect. Humboldt was an observer who focused
on the natural sciences, while Olgyay was an artist who created within the building
sciences. Humboldt had a nineteenth century romantic worldview, while Olgyay adhered
to the mid-twentieth century modernist vision. Despite these differences, they were united
by one particular lifelong scientific interest: understanding climate, a phenomenon of such
complexity that it demanded from them different attempts to abstract it to simpler
expressions (or representations). Using graphics (drawings), Humboldt set the basis for the
conceptual abstraction of climate as a global system that is so familiar to us today. Olgyay
abstracted climate from a physical approach by attempting to simulate it in the seemingly
controlled environment of a machine. Their approaches were different, because climate
served them in different ways. For Humboldt, climate was a global force that connected
place and living beings. For Olgyay, climate was a force that determined the design of
buildings.
Before Humboldt it was believed that climate depended only on the inclination of the sun
according to the world’s latitudinal belts. He proved that climate was in fact a system
caused by the interaction of the atmosphere, land, and oceans, affecting or influencing
vegetal and animal life and being affected by it in return. For five years in equatorial South
America (1799-1803), Humboldt was exposed to a biological and climatic diversity
(Oxford et al. 2012, 19) that surpassed any place in Europe (Humboldt [1808] 1850, 193195), providing him not only with a vast number of facts about the surface of the earth,
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oceans, weather and climate, vegetation and animals, but also with a new ecological vision.
These rigorously gathered facts were presented in a new graphical manner in Humboldt’s
first book, Essay on the Geography of Plants, in 1807. He created a kind of infographic
image called Naturgemälde (figure 14a), in German a “picture of nature,” meant to
condense in one image his new idea of an interconnected nature united by climate. In this
image the reader could see an abstraction of the world in cross section, going from a warm
ocean up to the cold summit of a mountain, equaling a journey from the tropics of the planet
to its poles. The vertical geography of the mountain equaled the horizontal geography of
the entire planet, with superimposing climates that defined and conditioned specific zones
of vegetation and animal life.
In the tropics . . . on the vast surface of up to 4,800 meters, on this steep
surface climbing from the ocean level to the perpetual snows, various
climates follow one another and are superimposed . . . each elevation has its
own specific conditions, and therefore produces differently according to
these circumstances (Humboldt and Bonpland [1807] 2008, 78).

When one ascends from sea level to the peaks of high mountains, one can
see a gradual change in the appearance of the land and in the various
physical phenomena in the atmosphere . . . As the appearance of the
vegetation changes, so does the form of the animals (Humboldt and
Bonpland [1807] 2008, 76).

Humboldt’s Naturgemälde was meant to have a beautiful appearance. It showed the
picturesque image of a representative mountain called Chimborazo (regarded as the tallest
of the world at the time) surrounded by exact, quantitative facts. 12 The reader could

“The vegetation; The animals; Geological phenomena; Cultivation; The air temperature; The limit of
perpetual snow; The chemical composition of the atmosphere; Its electrical tension; Its barometric pressure;
The decrease in gravity; The intensity of the azure color of the sky; The weakening of light as it passes
through the strata of the atmosphere; The horizontal refractions, and temperature of boiling water at various
altitudes” (Humboldt and Bonpland [1807] 2008, 78).
12
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compare textual and visual information about this complex new concept of nature and
climate while opening the possibility for unexpected interpretations and readings.
Humboldt candidly wrote about his expectations for this image—"if [it] were capable of
suggesting unexpected analogies to those who will study its details, it would also be
capable of speaking to the imagination and providing the pleasure that comes from
contemplating a beneficial as well as majestic nature” (Humboldt and Bonpland [1807]
2008, 79). “By speaking both to our imagination and our spirit at the same time” Humboldt
continued, the Naturgemälde “could not only be of interest to those in the field of physical
sciences,13 but could also stimulate people to study it who do not yet know all the pleasures
associated with developing our intelligence” (Humboldt and Bonpland [1807] 2008,
79,80). Nature was such a “great chain of causes and effects” that “no single fact could be
considered in isolation;” its study could progress only by connecting all individual studies
(Humboldt and Bonpland [1807] 2008, 79). But that connection had to rise “above . . .
mere delineation, and . . . sterile accumulation of isolated facts” (Humboldt [1808] 1850,
375). Humboldt justified the newness of the image, as follows. “Some persons of taste
might have wished not to see observations surrounding the picture of the Cordillera and to
have all these observations relegated near the scales in the margins of the table; but in a
work of this kind, one must consider two conflicting interests, appearance and exactitude”
(Humboldt and Bonpland [1807] 2008, 81). To represent “a large part of the planet in
profile, the scales for height and distance cannot be identical” (Humboldt and Bonpland
[1807] 2008, 85). A “picturesque image of this colossal mountain” would be richer,

Physical sciences meant at the time natural sciences, so, “Humboldt uses physics in its original,
elemental sense: knowledge of the material world based on observation and experimentation (Jackson
2008, 19).
13
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visually more charming, and more effective to recall the reader’s imagination (Humboldt
and Bonpland [1807] 2008, 84). Subsequently, Humboldt developed another type of image
that consolidated his abstraction of climate, an isothermal world map that displayed the
spatial distribution of temperature on earth (figure 15b). “He plotted lines passing through
the places [around the globe] with the same mean annual temperature” (Munzar 1967, 360),
using meteorological data from previous centuries. This map was published in The Physical
Atlas: A Series of Maps and Notes Illustrating the Geographical Distribution of Natural
Phenomena (Johnston et al. 1848), a book meant to complement Humboldt’s last book
Cosmos: A Sketch of a Physical Description of the Universe (published in five volumes
between 1845 and 1862). “The determination of the azonal character of isotherms”
indicated that along the same latitude there could exist different temperatures (Munzar
1967, 361). Humboldt was able to reduce to its simplest [or most abstract] expression “the
distribution of heat over the surface of the earth,” beginning the “cartographical
representation of climate” (Munzar 1967, 362,363) and setting the basis for the new science
of climatology.

Figure 16. Humboldt’s representations of climate. (a) Engraving of the Naturgemälde held at the Peter H. Raven
Library at the Missouri Botanical Garden. November 2016. (Photograph by author, 2016); (b) Humboldt’s System of
Isothermal Lines or Lines of Equal Annual Mean Temperature Over the Globe: With Lines of Equal Barometric
Pressure at the Level of the Sea. Credit: Library of Congress, Geography and Map Division. (Johnston et al. 1848, Map
37).
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In the long run, climatology proved to be useful in different fields. One of those was
bioclimatology, a subfield concerned with the study of the physiological effects of climate
on the living. The architect Victor Olgyay, after migrating to the United States in the 1950s,
adapted bioclimatology into architecture, focusing on the particular effect of climate on
human beings. Thus, the design of buildings that could control that effect became of great
importance. Olgyay developed a complete method that would allow architects to design
buildings using visualizations of climate data, a method that is used to this day.
Olgyay did “serious research into the ways in which solar forces and climate influenced
the development of architecture,” and examined “the ways these factors could be channeled
to improve building performance as well as to yield more intelligent formal design
solutions” (Lyndon 2015, xx). Between 1952 and 1963, he developed a comprehensive
method for designing buildings with climate. Architects are quite a visual audience, so
Olgyay conveyed information about climate at first with two-dimensional images (some
based upon isotherms). This led to a more ambitious attempt to simulate climate physically
with a machine, beginning in 1954. Olgyay’s Princeton University-based Climatron, also
called Thermoheliodon (Princeton University 1956) or Weather Maker (Bolgard 1955),
was a laboratory machine that tested the thermal behavior of scale-model buildings against
a climate constructed with coils, ventilators, and heaters, all under a Plexiglas dome. In the
United States, climate control through design did not flourish at the time, because the
promise of mechanical ventilation and heating systems made it appear obsolete.
Nevertheless, continued interest in Olgyay’s work, albeit limited in scale, was pursued by
researchers who further expanded the bioclimatic method and developed new graphical
tools. This interest did not occur at Princeton. Instead, it was geographically dispersed by
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several architects, including Israeli Baruch Givoni in 1969, American Edward Mazria in
1979, Hungarian Steven Szokolay in 1984, and English/Argentinian John Martin Evans in
2007 (Rincón Martínez and Fuentes Freixanet 2014). Since the 1990s, scientists using
personal computers and computer-aided design (CAD) have digitalized Olgyay’s method,
artifacts, and images, giving them a second and more powerful life. Olgyay’s bioclimatic
method is used to support building certifications for sustainability while allowing off-site
design.
Olgyay built upon Humboldt’s work through one of the branches of climatology.
Interestingly, Olgyay’s published writings and archival materials do not mention
Humboldt, despite including other seminal names in climate research such as Aristotle,
Virgil, Macrobius, Sacrobosco, Montesquieu (prior to Humboldt) or Köppen (after
Humboldt) (Olgyay et al. [1963] 2015, 3,6); Victor Olgyay Collection, Box 3 Folder 2). It
can be speculated that Olgyay’s lack of awareness or acknowledgment of such a relevant
figure in climate research as Humboldt was caused by the “anti-German sentiment” that
afflicted the United States around World War I and eclipsed the Prussian’s work (Wulf
2015, 335).
The defining research interest for both Victor Olgyay and Alexander von Humboldt was
climate, the invisible global force that unites nature by conditioning the form and function
of life. Just as Humboldt realized that each climate has its own specific conditions that
produce lands with certain vegetal and animal appearance, Olgyay (inspired by Geographer
Jean Dollfus) realized that despite some cultural variations in local taste, the forms of native
architecture were also born from climate and the environment (Olgyay et al. [1963] 2015,
6). For Humboldt and Olgyay, climate had a key role in defining the character of place.
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Consequently, comparing their reflections about that character provides interesting insights
that can enrich contemporary architectural approaches.

Alexander von Humboldt’s Physiognomy of Nature
The genesis of a theory
When Alexander von Humboldt began his work, there were two important approaches to
the study of nature: “Encyclopedisme” and ‘Naturphilosophie” (Buttimer 2001, 106). For
Encyclopedisme, nature was a mechanical system which could be understood through the
disciplined collection and classification of facts. Science and technology became the means
to improve the world. Carl Linnaeus’s (1707-1778) system for the nomenclature of species,
Denis Diderot’s (1713-1784) encyclopedia, or Paul-Henri Thiry (Baron) d'Holbach’s
(1723-1789) systems of nature exemplify this approach. Contrastingly, Naturphilosophie
was the attempt to understand nature through its spiritual and aesthetic dimensions. The
philosophies of Johann Christoph Friedrich Schiller (1759-1805), Johann Gottfried von
Herder (1744-1803), and Georg Wilhelm Friedrich Hegel (1770-1831) exemplify this
approach (Buttimer 2001, 106). Humboldt’s approach became unique in its own way, 14
being much more complex than Encyclopedisme or Naturphilosophie; it explained
scientific knowledge (objective measurements and generalizations) through artistic
representations (subjective interpretations), paid attention to the macro and micro scales of
nature, and trusted precise instruments as well as the human senses (Buttimer 2001).

Even the term “Humboldtian Science” was coined in the twentieth century (Buttimer 2001, 106),
evidencing the scope of Humboldt’s persona and particular way of doing science.
14
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Among Humboldt’s vast written work, his second book, Views of Nature, or,
Contemplations on the Sublime Phenomena of Creation (1808) was his “favourite,” as it
combined “scientific information with poetic landscape descriptions” (Wulf 2015, 431).
This book was inspired by the same landmark expedition that inspired Essay on the
Geography of Plants. The seed of both books and Humboldt’s approach was the notion
that imagination was a crucial component for the understanding of nature because
“knowledge, science, poetry and artistic feeling” are united (Wulf 2015, 298). This idea
has its roots in Humboldt’s friend, the poet/scientist Johann Wolfgang von Goethe.
Goethe’s writings suggest that it was necessary to enrich the scientific enterprise with the
emotions and subjectivity of the researcher, and to achieve that, art was necessary. Art and
science, or imagination and empiricism, were inseparable, as described in Goethe’s poem
Natur und Kunst:
Nature and art seem each other to flee,
Yet, each finds the other before one can tell;
The antagonism has left me as well,
And now they both attract me equally.
(Goethe, quoted in Richards 2002, 469, 470)
Goethe perceived the danger in applying science only for utilitarian purposes by
researchers detached from their subject of study, trying to obtain knowledge by any means
or at any cost. Ignoring the qualitative dimension of nature might lead to apathy,
irresponsibility, or arrogance. This concern was summarized in Goethe’s opera prima
Faust:
We snatch in vain at Nature’s veil,
She is mysterious in broad daylight,
No screws or levers can compel her to reveal
The secrets she has hidden from our sight.
(Goethe, quoted in Wulf 2015, 38)
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Thus, Goethe regarded it very important to ask how beauty was created in nature and how
that beauty impacted people. He found that the answer to both questions involved the
simultaneous stimulation of two cognitive faculties in humans: rational thinking to study
fixed forms in a fragmented way (science), and intuitive perception to study living
formative processes in a holistic way (poetic sensibility). Goethe referred to this approach
as the “genetic15 method” (Goethe and Miller [1790] 2009, 105), which allowed one to go
beyond the material surfaces of the physical world and instead embody or re-experience
the creative processes of nature. Nature’s secret is revealed to the mind, a secret that was
the answer to Goethe’s question about how beauty was created in nature. That secret was
its “unity,” from which all physical forms emerged (Goethe and Miller [1790] 2009, 105).
For Goethe, all organisms were formed and obtained their function or purpose from an
interaction between an original standard form and the outer environment that shapes it,
creating a “mutual ‘fitness’ of organism and environment” (Goethe and Miller [1790] 2009,
xxi). Reliving the process through which nature creates beautiful forms would expand the
mind because it would bring together the new knowledge about nature that is obtained, and
the knowledge about oneself that is catalyzed indirectly. For example, Goethe described
how the time he spent observing the metamorphosis of plants (e.g., flowers transforming
into fruit) allowed him to relive the creative process of nature (Goethe and Miller [1790]
2009).
In a similar way, the zoologist Ernst Haeckel's careful drawings of microscopic marine
organisms allowed him to embody the forms created by nature through every line made by

“The term genetic here refers not to the science of genes, but rather to seeking the origin or genesis of
things” (Goethe and Miller 2009, 105).
15
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his hand, penetrating “deeper into the secret of her beauty” (Wulf 2015, 304). Therefore,
contemplating nature for a long period of time or copying natural forms on paper, besides
allowing a deeper understanding of natural shapes and processes, requires and develops
discipline, patience, respect, and diligence, which may evolve into empathy and affection
towards what is being studied. These qualities contribute to a better understanding of
oneself and help realize the connection between the external physical world and the internal
world of the self. As Goethe said: “our spirit stands in harmony with those simpler powers
that lie deep within nature” (Goethe and Miller [1790] 2009, 111).
Goethe’s question about how beauty impacted people dealt with the problem of presenting
knowledge about nature and imitating nature with artistic mediums. “Nature herself must
be present to the reader, either really, or by the help of a lively imagination . . . Explanation
and description could not then fail to produce a lively impression” (Goethe [1810] 1840,
xxviii). If experiencing nature in reality produced an impression on the mind, then, an
evocative medium like pictures or writing could replicate that impression in the
imagination.
Goethe’s merging of science and poetic sensibility influenced Humboldt during his
expedition to the equatorial tropics, and it became the seed for his two initial books. The
Essay from 1807 included the Naturgemälde, which stimulated the reader’s sensibility and
imagination visually, while Views of Nature from 1808 did the same but relied only on
suggestive prose. Both books are complementary, as the Naturgemälde delivered precise
quantitative facts about nature in an evocative beautiful image, while Views of Nature
delivered qualitative impressions about nature in text. Of the two—the image of the
Naturgemälde and the writing of Views of Nature—the latter is probably the most

242

appropriate medium to convey experiences of place that are not felt visually like smells or
sounds. The Naturgemälde explained the behavior of nature, the how of its forces. Views
of Nature explained the sublime side of nature, the awe-inspiring beauty of places.
Naturgemälde reduced the grand and general scale of nature, whereas Views of Nature
opened a window into the researcher’s more intimate experience and contemplations of
nature. “While on that occasion (1806), I ventured to combine many massive features in
one grand picture of nature . . . I will now, confining myself to a more limited circle of
phenomena, portray in brighter tints the cheerful picture of a luxuriant vegetation, and
fluvial valleys with their foaming mountain torrents” (Humboldt [1808] 1850, 153).
The theory of the physiognomy of nature
Views of Nature, or, Contemplations on the Sublime Phenomena of Creation argued that it
was important to study nature from “an aesthetic point of view” (Humboldt [1808] 1850,
192). To achieve this, Humboldt outlined a physiognomy of nature. From the Greek physis,
which means nature, physique, or appearance, and gnomon, which means to interpret or to
know, physiognomy refers to the attempt to discover the temperament or character of
something or someone from its outward appearance. Humboldt proposed to discover how
the inner self, or the imagination, is affected by the beauty of the external world, an effect
that he named “total impression” (Humboldt [1808] 1850, 221) or “true impress of nature”
(Humboldt [1808] 1850, 192). The “sensuous impressions” sent by that external world
interacted with the “thoughts and feelings” emanated by the “inner being” of every human
(Humboldt [1808] 1850, 192).
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External world
Physiognomy was to poetic sensibility what botany was to science, being complementary
research approaches that produced different results about nature. Humboldt used plants to
exemplify this difference. From a botanical perspective, plants with different physical or
biological characteristics (number of flowers, reproductive patterns, seeds, leaves, etc.)
would be separated into different groups. Yet, those same plants, considered from a
physiognomic view, might be associated together, according to their appearance. That
appearance happens at the larger scale of plants, as collective masses that cause a total
aesthetic effect when they are experienced and contemplated, and not at their smaller scale,
as individual botanical specimens.
The systematising botanist, however, separates into different groups many
plants which the student of the physiognomy of nature is compelled to
associate together. Where vegetable forms occur in large masses, the
outlines and distribution of the leaves, and the form of the stems and
branches lose their individuality and become blended together. The
painter—and here his delicate artistical appreciation of nature comes
especially into play—distinguishes between pines or palms and beeches in
the background of a landscape, but not between forests of beech and other
thickly foliated trees (Humboldt [1808] 1850, 221).
The physiognomy or “total impression of a district” receives its “character of individuality”
from the “magnitude and mass” of its vegetation, not from the individual beauty of each
single vegetal specimen nor from their smaller organs of propagation,16 like blossoms or
fruit (Humboldt [1808] 1850, 220,221).
The appearance of a region, its physiognomy, depends on the combined action of various
elements according to Humboldt: the blueness or “azure of the sky [transparency of the
16

Organs of propagation are the main parameters of the Linnaean system of natural classification.
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atmosphere], the effects of light and shade, the haze [mist, fog, clouds, or vapor] floating
on the distant horizon, the forms of animals, the succulence of plants [the vegetal cover],
the bright glossy surface of the leaves, the outlines of mountains” (Humboldt [1808] 1850,
217). Among these elements, he placed the “vegetable covering of the earth’s surface” or
vegetation as the chief one, with the most powerful effect on the imagination (Humboldt
[1808] 1850, 220). As the “inorganic crust of the earth is . . . independent of climatic
influences,” its appearance remains almost the same in different places, while vegetation
is the one that changes conspicuously according to each climate (Humboldt [1808] 1850,
218).
Organic nature imparts to every region of the globe its own characteristic
physiognomy. But this does not apply to the inorganic crust of the earth
divested of its vegetable covering, for everywhere, in both hemispheres,
from the equator to the poles, the same rocks are found grouped with some
relation to each other, either of attraction or repulsion (Humboldt [1808]
1850, 353).
In the same way, animals “are deficient in mass, while the mobility of [their] individual
members and often their diminutiveness remove them from the sphere of . . . observation,”
while “vegetable forms, on the other hand, act on the imagination by their enduring
magnitude—for here massive size is indicative of age, and in the vegetable kingdom alone
are age and the manifestation of an ever-renewed vigour linked together” (Humboldt
[1808] 1850, 220). For Humboldt, “this fullness of life and its renovation differ according
to difference of climate” (Humboldt [1808] 1850, 215).
Organic development and abundance of vitality gradually increase from the
poles towards the equator, in proportion to the increase of animating heat .
. . The primeval force of organization, notwithstanding a certain
independence in the abnormal development of individual parts, binds all
animal and vegetable structures to fixed ever-recurring types. For as in some
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individual organic beings we recognise a definite physiognomy, and as
descriptive botany and zoology are, strictly speaking, analyses of animal
and vegetable forms, so also there is a certain natural physiognomy peculiar
to every region of the earth (Humboldt [1808] 1850, 217).
Humboldt argued that the appearance of a place depends mostly on its vegetation, because
climate modifies vegetation while it leaves the geological surface of the earth unaffected.
Consequently, Humboldt’s physiognomy was climate dependent, making the character of
place also climate dependent.
Inner self
“Who is there that does not feel himself differently affected beneath the embowering shade
of the beechen grove, or on hills crowned with a few scattered pines, or in the flowering
meadow where the breeze murmurs through the trembling foliage of the birch?” Humboldt
asked. “A feeling of melancholy, or solemnity, or of light buoyant animation is in turn
awakened by the contemplation of our native trees. This influence of the physical on the
moral world—this mysterious reaction of the sensuous on the ideal, gives to the study of
nature, when considered from a higher point of view, a peculiar charm which has not
hitherto been sufficiently recognized” (Humboldt [1808] 1850, 219). Language has been
historically a medium suited to capturing the character of place by bringing to light the
effect of the external world on the inner self. For Humboldt, general expressions made
collectively by generations of people, like “Seattle’s oyster light” (Erwine 2017, 55),
“Swiss scenery” or “Italian sky,” summarized with almost no words the “vague feeling of
the local natural character” (Humboldt [1808] 1850, 217). More detailed writings made by
a single author are evidence of the deepest feelings caused by a place, like Humboldt’s
description of the equatorial steppe.
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When, beneath the vertical rays of the bright and cloudless sun of the
tropics, the parched sward crumbles into dust, then the indurated soil cracks
and bursts as if rent asunder by some mighty earthquake. . . . A dim and
sallow light gleams from the lowering sky over the dreary plain. The
horizon suddenly contracts, and the heart of the traveler sinks with dismay
as the wide Steppe seems to close upon him on all sides (Humboldt [1808]
1850, 14).
Like a limitless expanse of waters, the Steppe fills the mind with a sense of
the infinite, and the soul, freed from the sensuous impressions of space,
expands with spiritual emotions of a higher order. But the aspect of the
ocean, its bright surface diversified with rippling or gently swelling waves,
is productive of pleasurable sensations,—while the Steppe lies stretched
before us, cold and monotonous, like the naked stony crust of some desolate
planet (Humboldt [1808] 1850, 2).

Whether we are hearing vague general expressions or reading detailed descriptions, both
are evidence of the aesthetic or physiognomic impression that a place can produce. “Speech
acquires life from everything which bears the true impress of nature” Humboldt argued,
“whether it be by the definition of sensuous impressions received from the external world,
or by the expression of thoughts and feelings that emanate from our inner being”
(Humboldt [1808] 1850, 192). In addition to Goethe, traveler George Foster (?-1792),
diplomat François-René Chateaubriand (1768-1848), naturalist Comte de Buffon (17071788), and botanist Jacques-Henri Bernardin de Sainte-Pierre (1737-1814) are Humboldt’s
examples of authors who described the character of place “with inimitable truthfulness”
(Humboldt [1808] 1850, 218). Their “truthful” perceptions about geography and climate
could be positive, like Forster’s account of the village of Nourpour, India in 1783:
This town situate[s] on the top of a hill, which is ascended by stone steps,
has the appearance of opulence and industry. Towards the south-east the
country is open and of a pleasant aspect, to which a winding stream of fine
water gives additional beauty. Mountains that have already made my eyes
ach[e], contrast the view to the west and north; but these have their uses;
and having experienced an essential one, not to give it a place would be
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ungenerous. The heat of the sun now growing intense would have been
severely felt, had not the wind which came from the north-west received a
cool refreshing quality from the snows which on that quarter cover the hills
(Forster 1798, 232).
Or, they could be negative, like Chateaubriand’s account of Dta-el-Natour cave near the
Dead Sea:
Leaving this cave, and always following the direction to the east, fourth at
noon, we leave the reddish mountains to enter a range of other whitish. Our
horses were stuck in a white, chalky earth, formed by the destruction of a
limestone rock. All that land was so horribly bare, that only some thorny
plants were almost visible from time to time, almost dry, and covered with
dust, like the trees of our royal roads during the summer (Chateaubriand
1843, 316; my translation).
In the same way, those descriptions reveal the long-term impression of certain places on
the inner selves of many people:
The fortress of Allahabad [India]. . .stands on the point of land which forms
the confluence of the Ganges and Jumma;—a situation beautiful as it is
commodious; and in the season of the year when the flow of water is
spacious and rapid; exhibits a scene of uncommon grandeur. On one side,
the Ganges is seen rolling down a strong and yellow tide, and on the other,
the Jumma glides with a clearer stream close to the wall of the fort. To this
favorite and sacred spot a large assembly of Hindoos resort at an annual
period, to wash away their sins, and obtain permission to begin a new score
(Forster 1798, 67-68).

A milder dialect gave even greater emphasis to that eloquence, which
seemed to be an attribute of the Greeks. The beauty of the climate [in Izmir,
Turkey] seemed to influence that of the people who offered for artists’
models, with whom they made known to the whole world the nature and the
art gathered in all their perfection (Chateaubriand 1843, 215-216; my
translation).
“Truthfulness” characterizes writings made from a physiognomic perspective, enabling
“the imagination to depict in vivid colours the images of . . . Nature” (Humboldt [1808]
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1850, 231), while providing “an enjoyment of the noblest kind” (Humboldt [1808] 1850,
219). In contrast, writing from a botanical approach for example, would only enumerate
individual specimens, which by itself might have a “wearying effect” on the reader
(Humboldt [1808] 1850, 223). Humboldt’s “truthfulness” nevertheless is paradoxical
because the inner self is the one depicting truthfully and in detail the character of a place
and the inner self will inevitably be subjective. A truthful description of the character of
place will be one person’s truth, and precisely in that unique honesty lies its value.
If writing can be done from these botanical and physiognomic perspectives, the same can
occur with painting, building, or any sort of creative expression used to understand nature;
for instance, drawing a list of specimens against making a “bold attempt of delineating the
natural picture” of a place (Humboldt [1808] 1850, 19). Designing a building to grow
vegetation from a botanical perspective would result in a standard green house, while the
same building designed from a physiognomic approach would become a lush botanical
garden. However, despite the fact that writing, painting, and building can simulate for
others and for oneself the total impression of nature, Humboldt ended his treatise
recommending that the character of place should always be studied on “the grand theater
of . . . nature,” his beautiful name for the external world. “It would be an undertaking
worthy of a great artist to study the character of all these vegetable groups, not in hot
houses, or from the descriptions of botanists, but on the grand theatre of tropical nature”
(Humboldt [1808] 1850, 229).
The influence of the physiognomy of nature
Views of Nature was a book with a great effect. American writer Henry David Thoreau
praised its combination of “elegant prose and vivid descriptions with scientific analysis”
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(Wulf 2015, 260), Goethe found it seductive, Chateaubriand lost himself in the depths of
nature, Jules Verne, Charles Darwin (Wulf 2015, 133), Mary Shelley, Lord Byron, (Wulf
2015, 168) and Simon Bolivar (Wulf 2015, 158) were all influenced by the science and
poetic sensibility displayed in the book. Nevertheless, despite the fact that Views of Nature
caused people to be infatuated with nature and filled their imaginations with a sense of
beauty that commanded to be seen in person or deserved to be replicated in different fields,
the brief treatise about the physiognomy of place included in Views was not as influential;
Humboldt’s physiognomy did not have much diffusion or prestige in the long run.
Physiognomy, along with other studies of appearance that supposedly “revealed Nature’s
own script,” like the line of beauty, graphemes, acoustic figures, ideograms, and facial
physiognomies (Dettelbach 1999, 487), were used to segregate people based upon personal
biases or biological or climatic determinisms. Even Humboldt displayed some racial
judgements when defining the character of a nation from the physiognomy of place:
For although the dawn of this culture cannot have been determined solely
by physical influence, climatic relations have at any rate to a great extent
influenced its direction, as well as the character of nations, and the degree
of gloom or cheerfulness in the dispositions of men. How powerfully did
the sky of Greece act on its inhabitants! Was it not among the nations who
settled in the beautiful and happy region between the Euphrates, the Halys,
and the Egean Sea, that social polish and gentler feelings were first
awakened? . . . The poetical works of the Greeks and the ruder songs of
the primitive northern races owe much of their peculiar character to the
forms of plants and animals, to the mountain-valleys in which their poets
dwelt, and to the air which surrounded them (Humboldt [1808] 1850,
219).
Goethe and Humboldt meant to merge science with poetic sensibility in order to truly
understand nature. A purely scientific approach based upon empiricism, quantitative data,
and rationalism overshadowed the poetical approaches in which qualitative information,
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subjective impressions, and personal truths were valuable. Physiognomy fell into the
doubtful place of pseudoscience, because it could not be proven following a rigorous
scientific method. The real value of physiognomy is not in believing naively and
dangerously that it can be used to judge people or nations based upon their external
character, fueling such prejudices as “men from the tropics are lazy,” or “women from the
tropics are more sensual,” or “people from Europe are cold-hearted.” Instead, its value
relies on its capacity as a medium to incorporate personal interpretations into scientific
studies, including the local within the general, or the unique within the ideal, all of which
contribute to humanizing what is being studied, building empathy and affection towards it.
According to Humboldt, “the physiognomy of nature . . . is regulated by climate”
(Humboldt [1808] 1850, 223, 224); thus, the character of place is defined by the interaction
of its appearance with the impression it causes on the imagination, feelings, and thoughts
of humans.

Victor Olgyay’s Bioclimatic Regionalism
The genesis of a theory
Just as Alexander von Humboldt’s theory was born from a trip to a foreign place, so was
Victor Olgyay’s. According to his son, Olgyay’s curiosity for climate and its relationship
to place and architecture began around 1935, when he studied for a year in Italy and was
impressed by examples of vernacular architecture in the area of Lake Garda in the Italian
Alps.
These geographic conditions create the distinctive climate that allows the
cultivation of lemons in this area but not a few miles away. And the
opportunity to grow lemons in the Alps gave rise to a distinctive
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architecture, “lemon houses,” terraced structures with removable roofs and
walls that, when removed, reveal a forest of columns. Facing southeast and
warmed by the sun, these buildings, which protect and nourish the delicate
citrus in the variable alpine weather, are designed in direct response to the
character of their place” (V. W. Olgyay 2015, xii).
In the first half of the twentieth century it was a European tradition for young educated
men to travel to the south of the continent in search of life experience and knowledge. In
the same way, students of architecture visited the master buildings of classical architecture.
Interestingly, Olgyay’s voyage of discovery took him to discover beauty not in the
colonnades of a classical temple but in the forest of columns of the run-down but still aweinspiring vernacular lemon houses. In 1912, English poet D. H. Lawrence wrote about these
houses:
All summer long, upon the mountain slopes steep by the lake, stand the rows
of naked pillars rising out of the green foliage like ruins of temples: white,
square pillars of masonry . . . as if they remained from some great race that
had once worshipped here . . . They are lemon plantations, and the pillars
are to support the heavy branches of the trees, but finally to act as
scaffolding of the great wooden houses that stand blind and ugly, covering
the lemon trees in the winter. . . There is a subtle, exquisite scent of lemon
flowers. . . I sat and looked at the lake. It was beautiful as paradise, as the
first creation. On the shores were the ruined lemon-pillars standing out in
melancholy, the clumsy, enclosed lemon-houses seemed ramshackle,
bulging among vine stocks and olive trees. The villages, too, clustered upon
their churches, seemed to belong to the past. They seemed to be lingering
in bygone centuries (Lawrence 1916, 85,86,89,93).
According to Olgyay’s son, “the inherent purposeful beauty of indigenous architecture”
impressed his father to the point of beginning a “professional quest to discover the
underlying secrets of the natural world” (V. W. Olgyay 2015, xii). His professional life can
be divided into three phases: Olgyay’s European years between the wars, where he began
researching sun and light; his research years in the United States between 1948 and 1963,
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where he found bioclimatology and consolidated his understanding of climate and
regionalism; and his traveling years to South America after 1963.
During the first phase, Olgyay was a modernist architect with a growing professional
practice, designing buildings whose form expressed their function. Just as some architects
of the period, he made early attempts to design buildings using sun, light, and wind data.
When World War II started, Olgyay was among the scientific and artistic diaspora that
migrated to the United States, beginning his second professional phase. He was a professor
of architecture and a researcher at Princeton University from 1953 to 1963 (Barber 2017,
139), focusing on the work that eventually would distinguish him: searching for the
principles that governed the relationship between architecture and climate, and creatively
applying them to design. The resulting houses offered “greater comfort and increased
economy through the reduction of loads on heating and air conditioning units” (Princeton
University 1956, 7). It is true that theoretical work about the influence of climatic elements
on buildings can be traced back as early as the Greeks and Romans, with their
recommendations and policies about wind and sun orientation. Scientific research about
climate in architecture, however, first appeared in the 1930s. Olgyay found himself in a
context of climate interest caused by the convergence of factors like the development of
minimum building standards, the application of climatology to cities, a shared international
architectural style, the commodification of architecture, tropical feedback, and climate big
data.
In the nineteenth century, people’s lifestyles and their built environments were transformed
by the growing industrial development. Places and living conditions became largely
unhealthy. Space became a tool to address these social inequalities: minimums for hygiene
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and comfort (air quality, light, temperature) and housing (size, distribution, services) were
standardized gradually to guarantee a basic quality of health. In addition, measurement of
temperature, humidity, and air flow became accessible to the building industry, allowing
the mapping and standardization of temperatures as early as 1894 in the United States,
when the American Society of Heating and Ventilation Engineers of New York City called
for “a clearly defined minimum standard of heating and ventilation for all classes of
buildings” (Erwine 2017, 115). By the end of the nineteenth century, engineers, rather than
architects, were the ones attracted to climate through meteorological data.
In 1901, because of the convergence of public health concerns and the measurement of
climate in European cities, some climate components like wind started to be used for city
planning and regulations (e.g., building separation and height). In 1910, the Director of the
Royal Prussian Meteorological Institute in Berlin, Dr. C. Kassner, gave the lecture
Meteorological Principles of Town Planning, proposing to design cities, urban grid
layouts, and street orientations based on wind and sun (Janković 2013, 543). In 1934, the
impact of climate on living beings began to be studied in the United States, with the first

graduate seminar in bioclimatology held at Pennsylvania State University (Janković 2013,

545). Soon after, the seminal monograph of Stadtklima or city-climate was published in
Berlin in 1937 (Janković 2013, 542).
The end of World War II came with social and physical divisions among nations that
caused a desire for unification. The shared International Style of architecture was defined
by pure forms with a heavy use of glass, which caused serious problems of over- and underheating that needed to be fixed mechanically by the growing heating, ventilation, and air
conditioning (HVAC) industry. Erwine points out how at the same time, a new “speculative
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development market” promoted a “generic [architectural] design” in which “buildings and
entire neighborhoods [were] designed and built for a generic client—the so called ‘average
consumer.’” Architectural space became a “disembodied commodity that could be
designed for any place [and climate] on Earth to serve a variety of changing functions”
(Erwine 2017, 14,15). And when the energy crisis of 1948 hit the United States, an effort
to study solar technology, climate in architecture, and alternatives to HVAC appeared in
order to save energy (Barber 2013).
Tropical feedback became an “issue” when European and North American architects began
to work in the very different climates of the tropics (Szokolay 1998, 1), between the
latitudes of the Tropic of Cancer and the Tropic of Capricorn, including the equator and
parts of North America, South America, Africa, Asia, and Australia. The tropics belonged
to the so-called Third World, which after World War II experienced a process of
decolonization during which “1.5 billion human beings” and their land, with plentiful
natural resources, “became part of the world” (Morin and Kern 1999, 19). With hopes of
modernization but lacking native architects trained in international aesthetics, these
countries commissioned foreign architects to work there, in tropical climates that were not
familiar to them. This caused both architectural mistakes and successes, revealing the need
for new methods for designing with climate—studying design solutions of local
architecture and researching climate components.
Finally, the development of aeronautics during World War II produced a surplus of
meteorological information (big data) that needed new practical uses. Climatic control
through buildings seemed promising. Within this context of climate research, Victor
Olgyay pushed biometeorology and bioclimatology further into architecture, developing a
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coherent design method. His 1953 article “A Bioclimatic Approach for Architecture” was
the “turning point” in the conceptualization of a modern architecture that could design with
climate without mechanical solutions (Szokolay 1998, 2). By 1957, Olgyay had matured
his method (Barber 2017, 147).
Climate control in buildings is an intricate problem . . . because the problem
itself does not lay [sic] in one specific territory, but is between the
borderlines of several fields of knowledge. We can identify readily two of
those fields; climate and architecture, which are the beginning and
endpoints to the problem. . . . every geographical location has its marked
and different climatic conditions . . . climate acts on man. . . . Therefore we
have to incorporate the field of biology in the process. And there is still the
factor of the technological considerations. With the use of calculations and
technical methodology we can improve the particulars towards the solution
of climate control. . . . The first step towards the solution is a survey of the
climatic elements at a given location. The second, to analyse the bioclimatic
impacts on man, and to classify his needs. Third, to seek methods and means
to satisfy those needs with technological solutions. And last, to find out how
those solutions can be adapted and synthesized to architectural expressions
(V. Olgyay 1953, 13).
Olgyay’s bioclimatic method was quantitative. It was based upon climate data that was
translated into diagrams and then analyzed, allowing the architect to see, understand, and
thus design within an otherwise invisible and unfamiliar climate. The diagrams,
instrumental tools that attempted to correlate separate studies of each climate element
(wind, humidity, sun radiation, temperature, and light), recommended design parameters
for orientation, form, constructive details, and materials. Olgyay condensed all his research
in his most enduring book, Design with Climate: Bioclimatic Approach to Architectural
Regionalism (1963; reprinted in 2015). He then began his last professional phase. At the
invitation of one of his Princeton University architectural students he traveled to Colombia
to promote his work, and later to Argentina. His trip was funded by the Rockefeller
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Foundation (Jaime Cardenas Matallana, in discussion with the author on May 5, 2017) and
by the United Nations (Victor Olgyay Collection, Box 9 Folders 5,6,7).
The theory of a bioclimatic regionalism
“Ignorato motu, ignoratur natura” or Not knowing the motion, nature too is unknown is a
quote attributed to and used by Thomas Aquino, D’Arcy Thompson, and Oliver Lodge that
appears in Design with Climate (Thompson 1943, 270; Olgyay et al. [1963] 2015, 84).
From an architectural stand point, Olgyay’s chapter “Environment and Building Forms”
reflects on the processes, the dynamic forces, and the morphology of nature, echoing
Goethe and Humboldt’s curiosity for the genesis of forms and their inherent beauty, which
far from being a frivolous concern was actually regarded as the key factor to understanding
nature in the deepest way. Therefore, Victor Olgyay based his theory on understanding the
character of place—bioclimatic regionalism—and on answering the same question that
Goethe and Humboldt had attempted to answer before: How does nature create beautiful
forms?
Olgyay recognized that the “forces of nature have a direct effect on the formation of
objects. . . . only species are fit to survive which are in harmony with their environment,
balanced with their tissue materials, and adapted to all internal and external forces to which
they are exposed. . . . Therefore, the conception of form is ultimately the understanding of
the forces that gave rise to it, as a representation of a form is a diagram of forces in
equilibrium” (Olgyay et al. [1963] 2015, 84). Olgyay talks about the “theory of
transformation” (Olgyay et al. [1963] 2015, 84), which in the same way as Goethe’s
“genetic theory,” argues that morphology in nature begins with a basic form or “genus”
that deforms or metamorphoses in different ways according to its adaptation to different
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dynamic forces of the environment. This is a process under continuous change. Like
Goethe and Humboldt, Olgyay found this process most evident in vegetation, which
changes form directly according to climate.
According to either favorable or adverse environment, plants open or close
their surfaces. The plants of cool and hot-arid regions show similarities with
their massive sections; i.e. large content with relatively small surface. This
is their defense response against the excessive cold or torrid heat.
Conversely, the plants of more temperate zones are free to communicate
with their seasonal environments, and the growth of hot-humid vegetation
is liberal in size and shape (Olgyay et al. [1963] 2015, 84).
Olgyay found this process in the realm of architecture when he identified an analogy
between the formation of plants and the formation of native buildings according to climate.
Olgyay was influenced by the work of French geographer Jean Gaspard Dollfus about the
spatial distribution of popular dwellings around the world and his argument that “allowing
for some variation in local taste and tradition [like superstitions, religious beliefs, or
cultural norms], the general forms of native habitation are born of the climate” (Dollfus
1954, cited in Rastogi 2016, 12). There exists a convergence among form, material, and
design adaptations of native built environments in regions that are climatically similar but
geographically separated. Before modern machinery like air conditioning or heating,
“people possessed a remarkable ability to adapt their dwellings to their particular
environmental difficulties. An awareness of climate was integrated with innate
craftsmanship to solve problems of comfort and protection” (Olgyay et al. [1963] 2015, 6).
The true regional character was expressed through native buildings after a long, close
contact with nature. People using buildings developed similar response mechanisms and
shapes to the forces of nature as plants did with their own bodies. This validated the theory
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that considers buildings as extensions of the human body. It also allowed one to see the
built environment as a massive organism that comes to life through climate and people.
Therefore, Olgyay, the architect, reached the same conclusion as Humboldt, the naturalist,
a century later. Climate was the defining factor of the character of a place.
The environment
“Everything which is not me = environment” is a succinct quote from architect
Buckminster Fuller, annotated by Victor Olgyay (Victor Olgyay Collection, Box 11 Folder
7). It reflected Olgyay’s holistic and complex understanding of the environment. Like
Humboldt, Olgyay divided the environment into elements. Where Humboldt found
vegetation, sky, mountains, animals, light, haze, and clouds following an aesthetic point of
view, Olgyay found “light, sound, climate, space, and animate” following a physiological
point of view (Olgyay et al. [1963] 2015, 14). Among them, climate was the most important
for its greater physiological effect, because extreme temperatures define the limits of
human life.
Olgyay identified major elements within climate as well: “air temperature, radiation, air
movement [or wind effects], and humidity [accompanied by rain] . . . chemical differences,
physical impurities, [and] electric content in the air” (Olgyay et al. [1963] 2015, 15-16).
Climate elements worked in combination making it “difficult to determine their relative
importance in the thermal interplay” (Olgyay et al. [1963] 2015, 32). Olgyay, however,
focused on the first four, as they had the physiologically stronger effect on man’s sensation
of comfort. These elements composed large regional climates. Building upon climatology,
Olgyay recognized that within those large climates, there were multitudes of much smaller
local climates that changed “sharply with the elevation of a few feet and within a distance
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of a mile” because of the particular geography (Olgyay et al. [1963] 2015, 44). That
multitude of climates produced a multitude of places with unique characters that Olgyay
described through numerical and quantitative accounts of temperature, radiation, wind, and
humidity. These components were perceivable with the body, not with the eyes, in contrast
to the visual components of physiognomy. Olgyay’s quantitative descriptions of place were
rather neutral and objective, making it hard to find more personal descriptions through his
work.
Man’s physiology
“Architecture has to serve man and his comfort. He is the measure, therefore, of conditions
to control” (Victor Olgyay Collection, Box 4 Folder 2, page 1). The impression of place on
the human being is the biggest difference between physiognomy and regionalism. While
Humboldt cared about the elevation of the spirit and the inner self, Olgyay cared about
man’s health and productivity. From a bioclimatic regionalist perspective, the interaction
between man and climate was a biological struggle where the human body absorbed or
counteracted the effects of the atmospheric and thermal conditions, trying to reach a state
of equilibrium while spending the least amount of energy. The effects of this struggle could
be evaluated from two approaches: its negative effects (stress, pain, disease, and death,) or
its positive effects (health; mental and physical energy.) “Man’s physical strength and
mental activity are at their best within a given range of climatic conditions . . . outside this
range efficiency lessens, while stresses and the possibility of disease increase” (Olgyay et
al. [1963] 2015, 14). Olgyay called the optimum climatic conditions in which equilibrium
was achieved in the most efficient way the “comfort zone” (Olgyay et al. [1963] 2015, 17).
The main instrument to reach this zone was a “balanced shelter” that can “filter, absorb, or
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repel environmental elements according to their beneficial or adverse contributions to
man’s comfort” (Olgyay et al. [1963] 2015, 15). Olgyay’s comfort zone had an ideal air
temperature “halfway between what [man] can tolerate in cold without being grossly
uncomfortable, and the point which would require real effort on the part of his circulatory
and sweat secretion system in order to permit him to adapt to heat” (Olgyay et al. [1963]
2015, 17). Interestingly, in Olgyay’s effort to achieve an ideal comfort, he was aware that
“ideal” could not be defined with precision because of factors like acclimatization, the
process of growing accustomed to a certain local climate after a long, close contact with
nature that goes back for generations. For Olgyay, the perimeter of the comfort zone
became the “conditions wherein the average person will not experience the feeling of
discomfort” (Olgyay et al. [1963] 2015, 18). In addition to the effects on the body,
bioclimatic regionalism cared for the effects of place on the mind, but again with a
functional objective:
It is a common experience to find that on some days the atmospheric
conditions stimulate and invigorate our activities, while at other times they
depress the physical and mental effort. It is also well known that in certain
climatic areas, where excessive heat or cold prevails, energy is diminished
by the biological strain of adaptation to the extreme conditions (Olgyay et
al. [1963] 2015, 14).
Olgyay’s descriptions of the character of place were merged with man’s reaction in a
quantitative and precise graphic called the bioclimatic chart. The bioclimatic chart and the
bioclimatic method of design were meant to be universal tools based upon climate
measurements. They were a numerical codification of the true and total impression of
nature, not only excluding personal points of view, but also eliminating the very need to be
physically located in places in order to have a personal impression of them. The bioclimatic
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chart and the bioclimatic method of design allowed off-site understanding, as well as
remote modifications of those places through architectural design. Traveling to a place to
experience climate within the grand theater of nature, as Humboldt had recommended, was
not necessary anymore. For example, Olgyay did climatic consultancy for a University of
Baghdad project around 1959 without traveling there. He produced design
recommendations at the Princeton Architectural Laboratory, using only the bioclimatic
chart and climate data from Bagdad, complemented with climate data from the Phoenix,
Arizona area in the United States (figure 17), “which as a hot and dry region, has similar
climatic characteristics as Baghdad” (with tolerable differences) to apply architectural
solutions from Phoenix to Baghdad (Victor Olgyay Collection, Box 4 Folder 5).

Figure 18. Baghdad’s character of place, as determined by climatic components and bioclimatic chart (Victor Olgyay
Collection, Box 4 Folder 5).

Therefore, according to Olgyay’s method, the true characters of Phoenix and Baghdad, or
any other place, could be expressed purely with precise meteorological measurements,
making unnecessary any visit to the actual place. There is a paradox or tension, however,
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in an architecture that wants to acknowledge the character of climate and place using a
method of design that is largely climateless and placeless. The design process is detached
from the real place in a physical dimension. Olgyay was aiming to reattach architecture to
the local place by divorcing the design process from the natural time cycle of the
environment (the basis of vernacular architecture), accelerating tests and increasing the rate
of experimentation in bioclimatic design.
Nevertheless, despite the fact that Olgyay did not go to the great natural theater of Baghdad
to get personal impressions of place, he did attempt to understand its character in a deeper
way by doing historical research about its vernacular architecture, combined with remote
recognition of the design potential of physical features of place.
Closed-in gardens, possibly arranged with their walls in the long sides of
the north-south direction to achieve better shading effect (like horizontal
shading fins) will cool off by the nocturnal outgoing radiation and will act
as cool air pool[s]. Evaporative cooling (in shade) of grass surfaces and
water pools near sunken plazas are desirable and effective. However, more
important ways could be considered. It seems that through the location near
the Tigris river a unique possibility opens up. The temperature curves
charted on the Bioclimatic chart indicate that the hot temperature conditions
still remain in the field where evaporative cooling can bring the thermal
situations to the comfort zone. The 110 °F temperature with an additional
55 grains of moisture per pound of air cools off to about 80 °F with 55%
relative humidity. And the average June daily maximum with 40 grains of
moisture can bring the situation right in the middle of the comfort zone. It
seems that by drawing the air in an underground moist double concrete pipe
of permeable material could be a solution. That inexpensive natural air
conditioning would be on hand instead of mechanical refrigeration. It is
suggested to explore that possibility” (Victor Olgyay Collection, Box 4
Folder 5).
Olgyay’s recommendation about underground natural cooling and shaded closed-in
gardens were acknowledgments of vernacular building practices that in this case responded
to Iraq’s climatically “hostile environment” with the provision of “introverted” architecture
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that looked inward to cool itself (Olgyay et al. [1963] 2015, 8). These recommendations
were rejected by the architectural firm in charge of the project:
In our opinion mechanical refrigeration is practical and economical and
evaporative cooling, ground cooling and other similar schemes are
impractical for this project. If the buildings involved were temporary for a
short time use we would agree that air conditioning for habitation would be
wasteful. However, in this project the buildings involved must be designed
for the future and not for the old living standards. The very fact that the
University is being planned indicates that the aim is to improve conditions,
and this should be carried through to the living quarters (Victor Olgyay
Collection, Box 9 Folder 3).
Olgyay was ahead of his time in his respect for “old living standards,” and for the ingenuity
of the native building forms like the lemon houses in Italy or natural cooling in Iraq that
had produced a built form from climate.
The influence of bioclimatic regionalism
Olgyay’s work developed during a time when the built environment and its climate were
being homogenized for an “average consumer.” Bioclimatic regionalism was an effort to
counter this generic architecture by making the true character of place part of the design
process again, and that “true character” was determined by climate. Olgyay as an architect
and researcher is a rather modest figure in the large scientific panorama. However, his work
is being revisited with new eyes in the age of environmentalism, with some researchers
considering him a thinker ahead of his time. The influence of his theory of bioclimatic
regionalism has three dimensions: the influence of the bioclimatic method, the influence
of regionalism as an approach, and the influence of studying the genesis of the built form
as an organism.
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Following Olgyay’s death in 1970, his bioclimatic method became influential with a
moderate number of strict bioclimatic architects, who further developed and applied the
method. But it was in the 1990s that the method became hugely influential, after being
digitalized and diffused worldwide to be used to certify the sustainability of buildings. A
numerically coded character of place continued to be delivered to distant places, replacing
the need for long-term physical visits and allowing remote design. The environment
continued to be divided into elements for certification purposes: sustainable sites, water
efficiency, energy and atmosphere, and indoor and environmental quality. The focus was
still largely on man’s physical health and productivity. The influence of regionalism went
beyond the strictly bioclimatic, influenced by the new theory of “Critical Regionalism,”
promoted by the British architect and theorist and Columbia University professor Kenneth
Frampton (1930-). Frampton argued that the bases for a true architectural identity were
local natural limits such as “climate and geography,” which “provide more durable links
to place” than arbitrary “symbolic cultural ornamentation, which can reduce the
architecture to a facile pastiche” (Yeang 2015, vii).
The fundamental strategy of Critical Regionalism is to mediate the impact
of universal civilization with elements derived indirectly from the
peculiarities of a particular place. . . . Critical Regionalism depends upon
maintaining a high level of critical self-consciousness. It may find its
governing inspiration in such things as the range and quality of the local
light, or in a tectonic derived from a peculiar structural mode, or in the
topography of a given site (Frampton 1983, 21).
This regionalism suggested that “local experiences, the kind most of us have most of the
time, should serve as the basis for architectural design” because of their potential to nurture
connectedness to place and “awareness of local climate,” reattaching people to reality and
to the vast diversity of local places (Canizaro 2007, 12). The challenge was to make an
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architecture that could channel the true character of place without becoming a fake
imitation of the local or the vernacular. The climatic quantitative information and scientific
method that were at the core of Olgyay’s method were lost, probably because of the fear
that such deterministic approaches would exclude the artistic intuition of the architect.
Olgyay’s research into the genesis of built form from an organic perspective had only
limited influence.
Olgyay is primarily known as the seminal bioclimatic architect, not as a researcher of the
morphology of nature. How beautiful forms are created by nature and how an architect
could replicate that process of design are among the questions that Olgyay began to answer.
Just the process of answering those types of questions could lead to feelings of respect,
affection, and empathy for the environment or the external world. Olgyay’s study of the
climatic adaptations of animals and plants has become a promising research line today, not
only in architecture, but also in many other fields from engineering, medicine, and
chemistry, to sociology. From our current point of view, Olgyay's mapping of climate
adaptations reveals a quality in the built environment similar to the genetic code, a DNA
that guides the form of native or vernacular architecture, making it not only true to the
character of place, but also making it the character itself. Under this lens, buildings
resemble more an organism than an object, acting themselves as thermal systems, creating
spaces both for living and for collecting heat or creating moisture, for example. In Olgyay's
words:
One can wonder—as nature expresses the climatic environmental impacts
in the demonstration in flora and fauna, plants and trees, the basic rule that
only organisms survive which are in equilibrium with their internal and
external environmental forces—architecture should react in a similar way,
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working with nature and with it express a truly regional architecture (Victor
Olgyay1968, cited in V. W. Olgyay 2015, xix).
And in Humboldt’s words:
In the great revolutions of our planet, climates, and the physiognomy of
nature which is regulated by climate, have been, in many respects, altered
(Humboldt [1808] 1850, 223,224).
Olgyay and Humboldt were studying two sides of the same phenomenon. Climate indeed
defines the built environment, but conversely, the built environment can change climate.

Conclusion - Outline of a Physiognomy of Climate
The features of the physical environment are blanketed by a vast ocean of
air, whose tides carry climatic elements to all parts of the earth and are in
turn modulated by them. Climate not only plays a great part in the
composition of soils, but strongly affects the character of plants and animals
in different regions and—most important from our point of view—man’s
energy (Olgyay et al. [1963] 2015, 1).
Victor Olgyay’s “ocean of air” unintentionally echoes Alexander von Humboldt’s
“Luftmeer” (“Air Ocean”), his name for the atmosphere (Wulf 2015, 237). For Humboldt
and Olgyay, this ocean of climate regulated the physiognomy (appearance) of nature in the
case of the former, and of the native built environment (before mechanical conditioning
devices) in the case of the latter. Both men founded their approaches on scientific method
and facts. While Olgyay, however, used only quantitative data in his bioclimatic
regionalism, Humboldt expanded his physiognomy of nature by including qualitative data
that came from subjective human experiences in which the beauty, the sublime, and the
terrible were perceived.
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Both approaches have value, and they complement each other, raising the question of how
both approaches could be merged in order to describe, record, or experience in a more
truthful way the character of a place and its effect on people. And even more importantly,
how they could enrich architecture. It is possible to outline a physiognomy of climate that
studies the beauty of climate and its total impression on a person, enriching architecture by
the introduction of the unique, sensorial, and emotional dimension in which it is
experienced. A bioclimatic architect has a systematizing approach in which he/she
separates into different groups many climate elements which the architectural student of
the physiognomy of climate would be compelled to associate together. The colors of the
sky, its shades of blue and transparency, the density of haze and mist, of fog, cloud, vapor,
smog, and smoke, the shape of clouds floating on the horizon, the shape and color of the
rising and setting sun, the shape and sound of thunder and rain, the wind moving plants
and leaves, the moonlight, the shape of light, the shape of shadows, visible evaporation,
and drops of condensation are all physiognomic elements that compose a unique painting
of climate and weather that can become sublime. Architects who pay attention to these
elements might be inspired in a different way, not only using their scientific intelligence as
Olgyay’s components command, but also using their aesthetic sensibility. In this way, an
architect would have a more complex picture of climate for design purposes, created by
quantitative climate data in tandem with qualitative experiences and personal
interpretations of weather.
The physiognomy of climate, or, understanding the effect of climatic beauty on people and
architecture, is a growing topic of research, dispersed through different approaches. New
scientific research is finding evidence that natural beauty is not a frivolous, futile, or
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subjective subject, but is a fundamental factor for the physiological and psychological wellbeing of people because of its effect on the brain. “A neurological basis for aesthetic
response is now being established” (Ramachandran and Rogers-Ramachandran 2006, cited
in Salingaros and Masden 2008, 62). An increasingly diverse array of researchers is paying
attention to aesthetics and appearances, with designers, architects, engineers, biologists,
doctors, and psychologists revisiting the question: “Why is beauty important?” (Kieran
2008, 244).
For example, Olgyay’s approach towards climate and his systematic method has become
part of Leadership in Energy and Environmental Design (LEED), a large, global system
that certifies the environmental quality of buildings. Architecture gets approved if it
accumulates sufficient points for implementing separable efficient environmental
practices, not for being integrally beautiful. As a result, many ugly buildings made by a
generation of “point-counting” professionals (Kieran 2008, 244) are publicly legitimized;
but, the “aesthetic” of a building should come “from an integral, not an additive,
relationship with the natural world” (Kieran 2008, 244). One could argue that LEED should
incorporate the pursuit of beauty if it wants to become truly useful for architecture,
encouraging buildings in which natural solutions are integral parts of them, or even more,
in which the building becomes an integral natural system by itself.
During the 1970s, American architect Lisa Heschong hinted at the importance of an
approach that pursued an integral beauty in architecture:
Thermal conditions are commonly standardized with the use of modern
mechanical systems that can be specified, installed, and left to function
independently of the overall design concept. Indeed, environmental control
systems tend to be treated rather like the Cinderella of architecture; given
only the plainest clothes to wear, they are relegated to a back room to do the
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drudgery that maintains the elegant life-style of the other sisters: light, form,
structure, and so forth. . . . Rather than simply housing an autonomous
mechanical system, the building itself acted as the thermal system. The
living room was both for living in and for collecting heat. The south window
allowed a view and also let in warmth of the winter sun. Thermal shutters,
closed at night, made the house more introverted while also saving heat
(Heschong 1979, vii,viii).
Buildings can treat sewage in a separate and exterior plant, produce electricity with
photovoltaic cells, and heat water with panels placed on the roof—and gain points to be
certified. An example of this approach is Universidad de las Americas (UDLA) in Quito,
Ecuador, which has an added sewage water plant or facility that is separate from the main
campus and barricaded with a fence, and which humidifies a small forest. The addition of
environmentally efficient systems that can treat sewage, produce electricity, or heat water
with separate and exterior plants, cells, or panels in any building is obviously positive;
however, these systems (similar to air conditioning or mechanical heating systems) can be
removed from buildings without changing either their shape or spatial disposition. These
systems (along with their inner mechanisms) are hidden from everyday view, and they are
not directly accessible. An integral beauty not only would create a shape and spatial
distribution that could inherently treat sewage water with vegetation, or cool and heat the
air, or capture storm water with the entire building, but would do so in a way that produces
beauty. These systems cannot be added to or removed from the building because they are
the building. Moreover, these systems are closer to natural flows than machines. Sidwell
Friends Middle School in Washington, D.C. (U.S.) exemplifies this approach with its
treatment of sewage water with a constructed wetland (Sidwell Friends Schools n.d.).
While UDLA’s sewage plant was relegated to the back, like Cinderella, Sidwell’s wetland
is a “living machine” [that uses less energy to clean water and creates a habitat for plant
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and animal life], “an integral landscape aesthetic that possesses the potential for beauty”
(Kieran 2008, 246). Both solutions treat water and contribute to certifying the buildings,
but Sidwell’s wetland is arguably a more beautiful solution than UDLA’s, therefore having
the potential to attract more people to the study of nature.

Figure 19. Comparative images of the buildings produced by an additive approach against integral beauty. (a) Sewage
Water Plant Universidad de las Americas, Campus Granados, Quito, Ecuador (Photograph by author, 2018); (b)
Representation of Constructed wetland of Sidwell Friends School based upon , a more beautiful solution to treat water
(Drawing by author).

American architect Michael Reynolds also applied an integral approach to his
“Earthships,” buildings created under the principles of “Biotecture,” a philosophy that uses
the existing natural phenomena of the earth as an integral part of the design of buildings.
Earthships are buildings that produce food and energy, treat water, harvest heat during
winter, and cool themselves like caves during summer, due to their mass and integrated
systems such as greenhouses (Earthship Biotecture Michael Reynolds n.d.). Instead of
adding machines to regulate the climate of the building, the entire earthship is a passive
machine. The beauty of the earthship was not embraced or recognized by the
institutionalized profession of architecture during its conception around the 1970s, having
to wait until the twenty-first century to be recognized. The appearance of an earthship
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evokes the integral purposeful beauty of the native architecture that made Victor Olgyay
pay attention to the role of climate in the definition of the architectural character of a place
during the first half of the twentieth century. Trying to enhance the beauty of climate can
go even further, by acknowledging each climate element, like Japanese traditional
architecture did with rain chains, for example, which not only performed the function of
the downspout’s function but did it in a way that brought acoustic pleasure and delight
from the dropping of water.

Figure 20. Representation of an exterior and interior view of an Earthship near Taos, New Mexico, United States
(Drawings by author).

Alexander von Humboldt cared for spirit and beauty, while Victor Olgyay cared for mental
effort and efficiency. This was a significant difference between physiognomy and
bioclimatic regionalism regarding their objectives about climate. Olgyay’s mid-twentieth
century modern vision tried to avoid any discomfort, considering it bad not only for health,
but more importantly for productivity, because it caused an unnecessary energetic
expenditure for the body. The zeitgeist of Olgyay’s time determined that human reason,
science, and technology could by themselves control and program nature; enormous
resources and efforts were spent in enterprises like traveling to space, harvesting the energy
of the atom, and controlling climate to be used as a weapon.
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Such faith in control underestimated the unpredictability and complexity of the forces of
nature, while it revealed a collective hope for stability, certainty, comfort, and equilibrium,
much needed after World Wat II. Olgyay’s pursuit for climatic comfort in the name of
health contrasts with Humboldt’s exploration of places with climatic extremes in the name
of inspiration. According to Humboldt, and based on his own experience, enduring the
unpleasant effects of climate helps one feel transcendentally invigorated and inspired. This
approach moves away from averageness, standardization, and mediocrity.
The French Renaissance philosopher Michel de Montaigne remarked in his essay “Of
Repentance” that “the virtue of the soul does not consist in flying high, but in walking
orderly; its grandeur does not exercise itself in grandeur, but in mediocrity” (Montaigne
1877). Being mediocre, average, moderate, or temperate once was welcomed as the correct
way of being, because excesses can bring error, violence, or death. However, mediocrity
was frowned upon by German Romanticism, a philosophical reaction produced by the
thesis of Immanuel Kant on the limits of reason and science to understand reality (Kant
1787). Feelings and sensations became the last options available to give meaning to life.
Moderation, which comes from pure reason, should be distrusted. This Romantic distrust
is evident in Goethe’s remark: “The senses do not deceive, it is judgement that deceives”
(Goethe, cited in Buttimer 2001, 109; Wulf 2015, 36), and in Humboldt’s recognition of a
fundamental duality in nature, in which enduring its terrible side was precisely what could
uplift a person. Goethe had identified fundamental dualities or polarities that define the
character of color in nature: “Light/Shadow,” “Warmth/Coldness,” “Action/Negation,”
and “Brightness/Darkness” (Goethe [1810] 1840, 276), and dualities that can have an
equivalent in man’s character: goodness/evil, warm/cold heart, and energy/melancholy.
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Goethe’s dualities, or “contrasted principles,” “do not . . . destroy each other: for if in this
intermixture the ingredients are so perfectly balanced that neither is to be distinctly
recognised, the union again acquires a specific character; it appears as a quality by itself in
which we no longer think of combination” (Goethe [1810] 1840, 277).
The dualities that happen in climate and weather, like warm/cold, dry/moist, and
light/shadow, are among the strongest ones because they can kill at each of their extremes.
“The full spectrum of earth’s arena ranges from the rigor of the cold blues to the oppression
of the torrid reds, and only the restful hues near green are associated with life” (Olgyay et
al. [1963] 2015, 1). “As in the frigid zone deprivation of warmth produces winter sleep in
some animals, so in the torrid regions, within the tropics, an analogous phenomenon is
manifested that has not hitherto been sufficiently regarded, and to which I have applied the
term summer-sleep. Drought and a continuous high temperature act like the cold of winter
in reducing excitability” (Humboldt [1808] 1850, 242). Humboldt and Olgyay recognized
that prolonged exposure to terrible climates can cause a person to become dull or numbed.
However, Humboldt, as a Romantic, also hinted that enduring the physical and emotional
rigors of those climatic extremes was precisely the secret to feeling alive, while Olgyay, as
a Modernist, calculated that a constant moderate climate could maintain life for the longest
period of time. What, then, is the best approach? To feel extremely alive for a brief moment
or to live a long but moderated life? Recent research is showing that neither is enough by
itself. The well-being of the brain and the body needs simultaneous excitement and
boredom, danger and security, or “soothing and invigoration” (Brown 2013, 189), a
combination from which beauty emerges, a beauty by contrast.
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In climatic terms, moderation became the goal of architecture beginning in the 1950s, as
comfort could be standardized with mechanical devices. Architecture had the means to
provide the same climate for everyone, everywhere. The idea of an ideal climate and an
atmospheric “comfort zone” (V. Olgyay 1953, 17) came from research in the 1950s about
physiological systems and the stresses of the environment. This research studied “the effect
of climate on animals” (Herrington 1950, 87); specifically, the reaction of rats in variable
temperature tunnels (Herrington 1950; V. Olgyay 1953, 14), discovering that “what rats
liked by way of temperature” was a “middle environment” (Herrington 1950, 87,88). This
type of research led to the idea that climate modified the life-span, form, and productivity
of organisms, meaning that biologically some climates demanded a “maximum and
minimum expenditure of energy in adjustment to the environment” (V. Olgyay 1953, 14).
The great challenge for an architect, therefore, was to produce a constant or static
environment in climatic terms that did not place “undue stress upon the body’s heatcompensation mechanism” (Olgyay et al. [1963] 2015, 17). The studies focused on
metabolic efficiency instead of stimulation, defining architecture’s goal as reducing
thermal dissatisfaction, not increasing delight. This goal treats all individuals equally and
reduces comfort to a purely physiological equation; the studies likely ignored the emotional
state of the rats inside the tunnels. Like rats, humans can indeed survive in “ideal”
standardized climates, but are they stimulated or inspired in a physical and mental sense?
As Erwine asks, “is the goal of comfort enough? . . . What about celebration, pleasure, and
delight?” (Erwine 2017, 117). “When thermal comfort is a constant condition, constant in
both space and time, it becomes so abstract that it loses its potential to focus affection”
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(Heschong 1979, 36). An equal, egalitarian climate based only on uniformity and
moderation cannot create special spaces where people can share a delightful climate.
Stimulation can be fostered by creating places with strong thermal qualities or other
climatic extremes, which historically have focused emotional attachment (affection)
towards them. Heschong refers to the archetypes of hearth and oasis: “the hearth, a refuge
of dry warmth from a cold world, and the oasis, a preserve of coolness and moisture in a
desert wilderness” (Heschong 1979, ix). The twinkling water, the scent of flowers, or the
cool breeze in the case of the oasis, and the “dancing light, smoky smells, and warm
crackling” in the case of the hearth (Heschong 1979, viii), were the components or qualities
that created an atmosphere that made these spaces wonderful and beloved, going beyond
pure necessity, developing feelings of affection and even reverence towards them. These
archetypes are architectural equivalents of Goethe’s dualities, in which the fire
metaphorically contrasts to the blueness of the colder exterior, while the cooler air of the
oasis contrasts against the redness of the hotter outside. Archetypical native buildings were
born from this “desire to create pockets of warmth and cool that gathered people at different
times of day—the shaded verandah or gazebo of the hot/humid south, the courtyard in
hot/arid climates, the thick bermed walls and cheery sunrooms of more northern climates.
All of these create thermal niches that hold memories of camaraderie as well as a thermal
relief from the climate’s intensities” (Erwine 2017, 130).
The Romantic need for extremes is in fact necessary at both physical and emotional levels.
The transition between the sublime and the terrible faces of climate, against which humans
are insignificant but completely dependent, is what produces a feeling of pleasure and
satisfaction in people, making them feel alive and giving meaning to the built environment.
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Delight or pleasure are impossible in a constant climate because one needs to feel the
transition between warmth and cold. “The only way to experience pleasure is to move from
a state of discomfort to a state of comfort” (Erwine 2017, 118). Paraphrasing Christopher
Alexander, uniform climate components destroy “the social nature of space,” and make
people feel “unbounded” (Alexander, cited in Erwine 2017, 50). Contrast and variation are
key to achieving climatic beauty. Contemplating terrible climates from inside delightful
climatic spaces not only intensifies the feeling of delight, but also reminds us why those
spaces are so important and fosters affection towards them. Therefore, a democratic
approach towards climate should provide a constant transition between comfort and
discomfort for everyone, instead of providing a uniform climate for everyone that
simplistically aims to free the body from all “burdens” of climate.
Returning to Sidwell Friends Middle School’s wetland, theoretically its beauty could have
been enhanced even further by creating contrast between its terrible and sublime sides, the
hotness of the exterior and its capacity for cooling. The Water Gardens project in Fort
Worth, Texas (U.S.) did just that. Water Gardens is a public park built originally in the
1970s by American architect Phillip Johnson. The project constructed two ponds that
served as oases within the hot concrete city. One pond acknowledged the beauty of the
climatic component of mist with spray fountains over still water, while the other produced
a sense of attention, vertigo, and adventure with narrow stone steps within roaring
cascades.
Water Gardens’ ponds and Sidwell’s wetland enhance beauty in different ways; one uses
energy to move the water mechanically, while the other cleans sewage water passively.
Both create oases of climate and both introduce wilderness into the everyday lives of
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people, whether by creating habitats for wild animals or places with a sense of danger and
adventure for humans. Studies about the integration of nature into urban design are proving
the potential of this kind of wilderness, imagining “the city as a forest (or an orchard, or a
wild habitat) . . . a marvelous recasting of the spaces and places in which most Americans
(and increasingly much of the rest of the world) live!” (Beatley 2008, 286), and thinking
“more about how to design in and facilitate a sense of natural wonder in . . . living areas”
(Beatley 2008, 287).

Figure 21. Water Gardens, Fort Worth, Texas, United States (Photographs by author, 2016).

Every person who experiences a project like Water Gardens will have a personal
interpretation about that wilderness, whether it involves surviving the vertigo, the
overwhelming sound of water, or the enjoyment of mist on the skin. Humboldt placed great
importance on recording such personal impressions about place in order to understand
nature. Olgyay in contrast, almost completely excluded personal descriptions in his
accounts of place. Therefore, a physiognomy of climate could be based on recording or
collecting those moments in which people have felt the beauty in climate. Applying
Heschong’s recommendation, the student of the physiognomy of climate should not look
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at such records through the lens of history, trying to answer how those thermal places came
to be, nor through the lens of engineering, trying to answer how they worked. Rather, one
should look through the lens of a designer and artist, trying to answer how they were
perceived, what their role in people’s lives was, and what was regarded as wonderful about
them? Those answers will likely reveal “a universality of human experience” (Heschong
1979, viii) that is an architectural equivalent of the “secret of nature” (unity from duality)
that Goethe and Humboldt tried to answer before.
Literature and records about “how people ultimately use spaces and what they feel about
them” are rather limited in the field of architecture (Heschong 1979, ix). The richest source
of qualitative climatic experiences are those lively descriptions of delicious and ephemeral
climatic moments written and perpetuated “by anthropologists, literary travelers, or poets”
(Heschong 1979, ix). The character of climate or the “climatic personality” of a place
(Erwine 2017, 127) comes to life from accounts like the following ones.
On Wednesday, February 1, 1905, my mother’s birthday, Lieutenant
Mörsberger and I went ashore on Mahé, the main island of the Seychelles.
The equatorial sun was beating down on us with its vertical rays. After a
while, we discovered a spring whose ice-cold waters emptied into a pool
between the rocks. We undressed and sat down beneath this wonderful
waterfall, which had carved two thronelike seats out of the rocks. The water
streaming over our backs was so delightful that we forgot everything else.
We had no idea how long we’d been sitting there. We finally summoned the
courage—or was it cowardice?—to get up, and then we had ourselves
brought back on board by canoe through the coral reef. I’ve done a lot of
stupid things in my life, but getting up at that point was one of the stupidest
(Theweleit 1987, 423).
I once knew a man, an English sheep-farmer in South America, who would
mount his horse on a rainy day in summer to go out for a long ride without a
cloak, so as to get a thorough wetting. This was, he assured me, his greatest
pleasure. It reminds me of a great financier and millionaire who, when his
day’s business was done, would shut himself up in a room sacred from
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intrusion, where, throwing off his clothes, he would lie naked on a rug before
a huge fire and soak himself in the heat for an hour or so. This, he said, was
his best time, his chief happiness in life (W. H. Hudson 1922, 33).
It was one of those clear and deliciously cool nights so frequent beneath the
tropics. The moon stood high in the zenith, encircled by a halo of coloured
rings, her rays gilding the margins of the mist, which in well-defined outline
hovered like clouds above the foaming flood. Innumerable insects poured
their red phosphorescent light over the herb-covered surface, which glowed
with living fire, as though the starry canopy of heaven had sunk upon the
grassy plain. Climbing Bignonia, fragrant Vanillas, and golden-flowered
Banisterias, adorned the entrance of the cave, while the rustling palm-leaves
waved over the resting-place of the dead (Humboldt [1808] 1850, 173).
Climate and its appearance are described in nuanced terms such as those used by
Humboldt: clear and deliciously cool nights, encircled moon, halo of coloured rings, mist,
clouds, foaming flood, innumerable insects, starry canopy, grassy plain, flowers, and
fragrances, that might inspire a designer to produce a space that besides being comfortable
all year long, could accentuate ephemeral moments of climatic delight. The sensuous
impressions that Humboldt received from the external world affected his thoughts and
feelings, allowing his inner being to express the true character of place in that piece of
writing, which in turn will affect the imagination of others, allowing the character of place
to infuse designers of future built environments. Again, the personality of climate that
Humboldt was describing has value, not for being a precise account of temperature and
humidity, but because it was his own truth, an honest description of how he felt at that
place and in a particular moment, an account that should be compared to long-term,
numerical bioclimatic accounts of that same place, and to other personal truths. These
poetical accounts contrast strongly with the language used by Olgyay, to include such
words as adversary, hostile, and defense. Climate, as the previous accounts exposed, is not
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an adversary or a menace, even if we live under the Damoclean threat of climate change.
Rather, we should begin talking about the art of climate, the art of achieving contrast for
which a terrible climate is fundamental.
The “moods” of the sky have interested people since the beginning of time, from Ptolemy
of Alexandria, who kept a weather diary around 120 CE (Lamb [1982] 1995, 159); to the
appearance of instruments to measure weather conditions in the first scientific revolution
(barometer, thermometer); to the amateur meteorology culture that appeared in Europe
around 1750, when keeping rigorous weather journals about extraordinary local climatic
occurrences became widespread (Endfield and Morris 2012, 71). The second scientific
revolution around 1800 brought together all of these dispersed weather measurements
under a network based on the standardization of units and techniques. Weather
measurements were collected in tables, which despite being precise local measurements of
different places, were difficult to compare. Humboldt connected those dispersed
measurements visually with maps. If the subject of research on the physiognomy of climate
involves those same moods of the sky, should not a similar approach be applicable?
Dispersed climate accounts could be collected and systematized as an attempt to map and
understand the true impression of place on the inner self, while always remembering
Humboldt’s warning that the philosophical study of climate should rise “above the
requirements of mere delineation;” it does not reside “in the sterile accumulation of
isolated” accounts, memories, and writings (Humboldt [1808] 1850, 375).
As Humboldt said about plants and grasses, despite “the “development of our language,
the . . . fancy of the poet, and the imitative art of the painter” do “enable the imagination to
depict in vivid colours the images of. . . Nature” (Humboldt [1808] 1850, 231). “It would

281

be an undertaking worthy of a great artist to study the character of . . . vegetable groups,
not in hot-houses, or from the descriptions of botanists, but on the grand theater of tropical
nature” (Humboldt [1808] 1850, 229). The same could be said of architects. An architect
who considers the physiognomy of climate should study the character of different climates
“on the grand theatre of nature” instead of indirectly through narrative or hothouses. An
architect who considers the physiognomy of climate in tandem with bioclimatic
regionalism should immerse himself or herself in real places, in wild nature, and in built
environments with strong thermal qualities. Erwine describes some steps that could be used
for a physiognomic climatic/weather immersion: 1. observe, 2. note feelings, 3. note
evoked memories, emotions, and dreams, and 4. note places of attraction and repulsion
(Erwine 2017, 38,39). As Beatley suggests, a conscientious visit to the grand theater of
climate and nature could involve joining local bird clubs, plant societies, stargazing parties,
or community apiaries. It might include carrying equipment like bicycles, walking shoes,
butterfly nets, telescopes, bat detectors, portable thermometers, or anemometers. It might
include producing a phenology journal in which architects record the relations between
climate and biological phenomena around them, making simple drawings to identify and
learn. Or it could produce manuals for home owners that describe the ecology of their
neighborhoods (Beatley 2008, 287,288). In this way, a designer will become more sensible
to his or her surrounding changes, “connecting to place and picking up on the native
nuances of weather, ecology, and the nature around” (Beatley 2008, 287). Even more, an
architect who is paying attention to the physiognomy of climate might need to become the
equivalent not only of a native architect, but of a native resident, something that causes a
deep conflict with the remote process of design that Olgyay’s method and instruments
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allow. Living in a place and experiencing its climate is crucial to producing a beautiful
design, because this stimulates the respect and appreciation of the surrounding nature.
This article examined the role of beauty in understanding the character of place from an
architectural lens, making a comparative analysis of two seminal writings: Views of Nature
by Prussian naturalist Alexander von Humboldt (1808), and Design with Climate by
Hungarian architect Victor Olgyay (1963). As the analysis and comparison made clear,
both men, Humboldt the naturalist and Olgyay the architect, concluded that climate
determines the appearance of nature through vegetation and determines the appearance of
the native built environment that was made without mechanical air conditioning or heating.
Both men realized that the key to understanding nature in the deepest way is through the
study of the genesis of forms—in other words, how beauty is created by nature and how
that beauty impacts people. The article outlines a physiognomy of climate that enriches
Olgyay’s quantitative understanding of climate, which pursues comfort for productivity,
with Humboldt’s appreciation of the qualitative experiences of climate, which elevates the
inner self through a constant transition between the terrible and sublime sides of climate.
Three approaches to enhancing the beauty of climate through buildings were identified:
integration, contrast, and visits to place, bringing architecture and cities closer to nature.
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